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PREFACE. 


Principles obtained from opinions, often hastily formed, afford 
imperfect views of -subjects, but maxims drawn from Science can 
always be analysed and tested, and when applied to the useful Arts, 
substitute certainty for uncertainty, and security for insecurity, it 
informs the Engineer how to raise the greatest works with confi¬ 
dence, and how to obtain a maximum of stability with a minimum of 
material. There is no class of the Arts so directly capable of receiv¬ 
ing improvement* from the rescarclfcs of Scientific men as* that of 
Building, nor is there any that in the present day receives so much of 
their attention. The recent destruction by fire of many of the noblest 
Public Buildings in England, has called forth the energies of the 
Engineers and Architects in a mo.st conspicuous manner, and the 
structures now erecting to supersede those destroyed, shew clearly 
that Public attention has been directed to repair a fatal error of 
former ages, by the substitution of incombustible for the perishable 
material of which'the edifices were composed. By the use of frail 
substances, the Architect is for ever plastering, white-washing and 
repairing that which, when so plastered and washed is coarse, 
scienceless, and liable to destruction. 

* 

A too rigid economy, should not arbitrarily circumscribe con¬ 
struction. The vfiinimum, as regards^ Buildings, never confirms in 
application the brillidnt theorici| of, calculation—facts resulting from 
experience merit far greater confidence. 
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their due weight to those considerations which affect the 
mbility ofla structure, the aim should be rather to counteract 
^4ous ■ tendencies in the cheaper materials, than to make their 
existence ah‘^jxcusc for adopting the more expensive unnecessarily, 
while it TOUst not be overlooked that the conservation and repairs, 
with the tendency to early destruction of the cheaper, may more 
than counterbalance the original cost of the more expensive but 
more enduring class of construction 


The delineation- of noble works actually constructed, and 
authentic detail of material at present successfully applied and in 
high repute, shoidd be not only a proof of the great improvements of 
the times, but a^stimulus to similar undertakings, as the surest sources 
of information and guarantee of equally brilliant issue. 

• r t 

The Tables at the end of the Memoir will not form the least use¬ 
ful portion of it, they have been partly selected from those which 
formed a section of the J:*ock&t)i»book of TEr.KOui), and partly from 
Memoranda gathered in the Workshops of Birmingham. Should this 
little treatise rouse the spirit of enquiry, and' aid in any way the 
development of energy towards the promotion of Scientific know¬ 
ledge, or the active application of the resources of the country—should 
it prove of any advantage to the Public Service, or. “to the business 
and affairs of men,” the Author will not uselessly have “ labored in his 
vocation.” . * 


H. GOODWVN,* C’aptain, 



INTRODUCTION. 



1. Ti» thfi introduction of a new system into any rlopartmcnt, there are many difficulties 
which present themselves, rendering; caution necessary ; and thou^j;h the path has been rendered 
clear by tlic liberal niannbr in which the (jourt, of Directors have entered into the spirit of 
improvement generally, and particularly as regards those measures connected with the Department 
of Public Works, which 1 had the honor to submit lately to their notice,* yet it is only by a 
gradually progressive method that the measures can be effectively adopted, and there isaconsequent 
lU'cessity for full and explicit detail connected with the proposed system of Iron Roofing fonning 
the subject of this Mejnoir, which may at present be considered only as one of several subjects 
connected with Archipictural Engineering, as applicable to the Department of Public Works, which I 
have in view to arrange, in order to assist, in however humble a manner, towards following as 
closely as jK)ssihle in the path, if we cannot kce])|)ace with the increasing •strides of the science 
of the day, and with the hope that our Public Tluildings in India may take a higher place iii the 
scale of execlhuice by Is'mg rendered more durable,^more elegant, more convenient for the Public 
Servi«’.e, and withal more economical; benefits which surely no one can dispute. 

2. The advantfiges resulting from Iron Roofing in England, and particularly the very late 
improvements in -wrought Iron'trussing, have been so well acknowledged as to be beyond the 
hazard of disrepute from mere experiment. It is not many years since the only material employed 
in the constniction of a Roof was Timber, subsequently most of the principal parts were Cast 
Iron, then followed the introduction of the Wrought In)n as ties, in which cases it seinned to be 
of little inqxirtance whetlier mofe Iron was u.sed than was really necessary, which therefore was 
commonly done, and its actual strerigtli disregarded. Since that time malleable iron has been 
introduced for more important purposes, being employed to resist enormous strains and bear 
heavy weights, it is thcrefonj of consequence to asccirtain its value ; so proportioning the several 
parts, that whilst jicrfeet Safety be ensured, no more material be employed than is necessaiy. 

;j. At present many Roofs over large Manufactories, Railway Stations, &c. exhibit the most 
beautiful combinations of Iron under the two fonns of \\Jrought and Oast; Wrought Iron having 
nearly superseded the use of Cast for Rafters, Struts and Ties; the litter Ixnng confined to 
Girders, Shoes, Kingheads,* Qutters, and occasionally a Stmt, as will be shewn hereafter. 
Wrought Iron tmssiq^ is bSing ^adually introduced for the Roofs of the Slips, Shops, and 
Storii-houses of Her Majesty’s Dock Yards ; the new Public Buildings now in course of erection in 
London are to be roofed with Iron, and many exampk% of Iron Roofs, as executed in other 
buildings, arc given ifi the accompanying plates, ;vith descriptions of the peculiarities of each, and 

• * . * . • . 

^ Iron lldoiing and Asphaltic Jj^astjcs^as applied to Flooring, Roofing, &c. 

A 
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manyjrtheriraiififul examples of Cast and Wrought Iron Roofing may be found in the Appendix 
toil|||||H^ of ‘‘ Tredgold’s Carpentry.” 

^HPu«nffl||mnc(; has been attached to this subject, and no inconsiderable talent has 
■pi^exerted hHB beautiful arrangement of the material forming many of the subjects. 

IP^^r. “ London Works” at Birmingham, to whom I am indebted for much valu- 

lM« 4nforB^ti(N!^iid who has given his principal attention to the subject herein treated of, has 
desi^l^^ and-lexecuted the most elegant and workman-like Roofs in England on these peculiar 
principles. 

4. It is most desirable that stability and economy should charac'tcrize the different spt^cies 
of construction, and though on the sconi of economy, comparison bctvjccn Bie first outlay on the 
present, and Iron [irinciples, cannot be admitted; yet, when the expenses of repairs annually for 
20 or 25 years on the j)reaent system, together with other attendant inconveniences of leakage, and 
losses be added thereto, the ivsult is in favour of a Icfs destructible mode, and at the end of that 
time, the Timber Roof YX'inains as liable to annihiktion by fire or otherwise, as at first, not so 
with the Iiwi Roof, the original cost of wdiich is the only one, and it is indestructible. 

5. The peculiar construction of the Wrought Iron Roofs herein advocated, renders them 

very applicable to Induui buildings, where change of locidities and stations^ire often the result 
of political and econoniical measures, they can, Irom the simplicity of arrangement, be easily 
taken ^0 pieces, and the parts being light, can be transported by any mode of carriage, and 
adapted to any other building of the same span. Structures too of increased width and 
accommodation can by those means be erected*, which could not be exciculed ui Timber, except at 
a very heavy cxjKiiisc, and in pixportion as the span increases the Iron Roof becomes more 
economical than one executed in Timber, effecting besides a saving in masonry, and being 
infinitely lighter. • 

The sy.stem will besides be found unite simplicity with durability—certainty will be 
substituted for uncertainty—security for insecuf ity; and the largest w'orks, as well as those of 
less extent, will be ex(!cutcd Avith confidence: it will be found (foonomical as a whole, from the 
fact that the union of its parts produces the result of a maadmum of strength combined with a 
iiiiriimum of material. 


6. The modes of Roofing in the Department of Public Works, [vaulting excepted] luive 
each of them serious defects; of these, some are defects in principle, otjiers in construction; hpt 
from whatever en,usc they may arise, the result is considerable inconvenience to thii tenants 
or loss of propertj', and very heavy annual expense to the State, while the roof remains destruc¬ 
tible. It may be as w/dl then to state a*fcw causes of defect, with a view of applying a remedy. 

7. P’or what may be denominated Ist (fiass Buildings, the Terrace R<K>f (the nature of 
which is so Av 11 known to the Department as to render descyptiontuseless) is generally adopted. 
The seasonhig of the timber of which such roof is composed is mostly'ancertain, and it is a 
|Kiint of great importance in such heavy structures, not only Avith reference to its durability, 
but as affecting tla; building by the shrinking of some of its parts. Tredgojd says, “ Two years 
“after felling is the least time that should be*all(^wed for seasoning; 'timber while seasoning 
“ should not be exposed to the sun or Aviud, and^when beams ai» not to be used the full sizg 
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“ of the tree, it is better to saw them up after a portion of the period of seasoning lias ckpsed, 
“ that they may complcite the process in that state. Timber is often allowed to be half buried 
“ in the ground among weeds, and it contracts there the seeds of decay before use. Scantlings 
“ of Timber re<pnre more attention still, and should be piled up allowing free access of air all 
“ round each piece. Charring Tiiulwr is a preservative only to such as is well seasoned; in the 
“ case of unsound, it closes the ^wres and prevents the osenpe of moisture. As the process of 
“ drying proceeds very slowly, and quicker in small pieces than large, the necessity for cutting 
“ Scantlings to sCiHson s»)me time before use is obvious. Timber may be considered seasoned 
“ when it has lost onc-fifth of thci weight it had when felled.” 

8. Timber in an pnsejisoned state is exposed to moi-e rapid decay from coats of paint, oil or 
tar stopping up its pores and preventing the (escape of inward moistuft^. Timbers built into newly 
finislicfl walls often decay, the damp brickwork l)cing an active agent in their destruction, the too 
hasty plastering of walls, by keeping in the moisture, is an additional memis of hastening the effect. 

Sometimes the extonial p!U*ts of the Timber alone arc seasoned when the beam will soon be 
found to be In a state of decay internally: alternate dryiKfSS and moisture from leakage is another 
cause of decay, and the more to be feared as the ends of the beams in flat roofs, lying under the 
parapets, cannot be pTOteeted by periodical coats of pauit. 

9. The mode of laying the burgalis is the weakest |)os8iblo from their short lengths; each 
piece being separately subject to stniin which may not affect All equally. The following extract, 
from the latest edition of Tredgold, on the subject will prove the above assertion. 



B 


“ When a long Timber A B is laid over several |x>ints of siipport, the strength of the intermediate 
“ parts is nearly doubhid, or twice as much as when the Timlxir is cut into short lengths, 
“ —Hence the importance of extending purlins over several trusses, rafters over several purlins, 
“ contriving so that th<i joinings .slmll notl)e o])posite to eat:h other.” 

10. A ’practice used to be in existence t)i‘ foiring or cutting a beam to a certain degree, of 

camber, under the idea that it partook in that form of the nature of an arch, this is a fallacy 
wllieh should be expelled,'as when such cambered beam settles, its tendency is to thrust out the 
walls instead of being a bind to tie them together, and there is no necessity for making walls of 
an extra thickness to resist that thrust. ^ 

11. Sufficient attention is not given to the terrace itself in its component parts, quantity 
being too oftem substituted tbr^juality, and a judicious selection of the litm* not always made nor 
the proper proportions, of cement andT burned clay so as to form the most com|)act mass, which 
should possess hydraulic properties.* The prop(jr drainage of rain water from the roof is almost 

• 

* T use the expression *^bunie<l cln/* because ilio bricks fnjii whicH Si)orkcy is made are not always most proper for the 
purpose, otlen containing too mtch sand, anti perhaps too mjch or too little burned, though greater care is necessary in the oompo** 
fiition. An Article on (!ementii and M<Vtars is in coutcmplatiou to be put forth with other subjects connected with the Department 
of I’ublic Works. * * 
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entirely overlooked, it being allowed to fall either in streams from ugly projecting drain tiles 
inseieted under the comice to the dishgtirement of the base of the building, and annoyance of 
piBSsers by, or, m the absence of drain tiles, to trickle down the sides of the buildings, lea\dng a 
slimy evidence of its course—Art. 108. 

The whole roof, with its mass of terrace-work often disadvantageously raised in the centre to 
form a slope for the water, produces an inordinate load on the walls, while the insidious white 
ant is invisibly scooping out the solidity of the timber and affecting its safety. 

12. The tiles or bricks used in the covering are not always laid in hydraulic mortar, thereby 
increasing the causes of leakage. Mr. Fowler, a Fellow of the Institution of British Architects, 
whose practice in flat roofing has been great, has given a short treatise in ^he Transactions of that 
Sodety on the subject. Having failed with Timber and the ordinary mode of terracing, he resorted 
to Cast Iron Girders and tiles laid in cement, and though the Girders were three feet apart, the 
tiles had no intermediate support (save a temporaiw one, till the cement settled) and he says, 
speaking of this roof, “ Experience in this case is iini)ortant as it exposes the contingencies, to 
“ which this mode of (flat) covering is liable, and in what maimer they may be remedied or 
“prevented; it serves to shew the necessity for providing a veiy stable construction for the 
“ reception of a terrace: timber therefore, from its extreme tendency to shrink, is inadmissible.” 

13. The Tiled ^ Roof is the next in value, and used for buildings of the 2d Class. This 
woujd be an excellent mode of covering if the method of securing the tiles were improved on, 
and by all that can be gathered from the best examples of Carpentry, the framing of a roof, as 
generally practiced in India, is not on the mdist judicious or economical f>lan. It is true that one 
of the original rcisons for the ittroduction of the Tie-beam ti a Truss was reduw the Avails 
to a minimum thickness by taking away all lateral thrust; but as its great use is to prevent the 
spreading of rafters at the foot and consequenfedisarrungement of tlic roof, its presence is most 
necessaiy. The most common con8tructi<|^^our trusses is by mpans of the Collar beam,* the 
weakness of which will be shevoi by the foiling diagram. 
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C D represents the Collar beam of a Roof, the whole weight of which Roof is sustainoJ. by 
the parts of tlie Rafters 0 A and D B, and the Roof will settle in proportion to the weight 
of the covering by the deflection of the lower parts of the Rafters C A and D B—partial spreadiug 
of the feet of the Rafters cannot be prevented by this construction. Changes of form in an 
assemblage or system of framing almost always increase the effect of the wesight and produce 
cross strains which- may be attended with the worst consequences when such changes are not 
foreseen and provided for. A remedy for the spreading of the feet of the Rafters iu such 
construction may be applied in the shape of light Wrought Iron Rods as ties, shewn by the dotted 
line^ A E, B E, secured to the centre of the Collar beam by a double eye iSolt, forged with spread* 
ing jaws at the lower ends,, 



to qmbriice the feet of the Rafters, being secured to them by a key. 

14, This plan is more apjalicuble where height in the centre is an object, in other cases an 
iron lie rod, horizontal from A to B, will be found an easy, efficient and economical addition to 
such a truas,^and in great spans the king-post may be lengthened by a rod from the i)oiut E, to 
support the horizontal tic. Buildings as at present constructed are not of such great span, but 
that a tie beam of moderate scantling (properly supported by a King, or in larger spans by two 
Queen posts) may be advantageously employed. How often are not the proper joints of the paijts 
of a framing neglected, and but a partial connection of rafter and strut or tie mode? the greater 
part ol the weight or strains being left to be borne by an*iron pin; the feet of the rafters are, in 
like manner, nailed to the external edge^of the wall plates, instead pf being* notched on to them. 


/Vi ut. f)u 

d/ jvree to* tt ^ 

B 
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The annexed is a truss in common use in England, and in accordance with the rules of 
Carpentry for spans from 20 to 30 feet, the scantling of the rafter of which is from 5^ X 8^ to 6^ X 
4'according to the span, and for a covering of slates, zinc or tiles, placed from 7 to 9 feet apart. 



This scantling is not more than is given to our trusses for a less span but with additional parts, 
and^ placed at a distance of five feet apart,—a reduction in tlie number of trusses, properly framed, 
with intermediate small rafters of light scantling on the purlins, is an economy of material. 

15. Nothing is more perishable than tiie bamboo frame placed On roofs, the Weevil and 
rot soon destroy it, while the tiles Imd on with a most unnecessary load of clay bring nests of 
white ants in direct contact with tlie frail material; the sinking of the tile.s, and considerable 
leakage is the consequence, and annual repai|^or renewal a constant and heavy expense. 

16. Tiles of a better descriptum m^flkt^e laid on battens in a way similar to an improved 
mode of slating in England, Avhich prevent# the »iCtion of the wind whether on an open shed or 
externally on a closed building, and will afford a more secure and pennanent covering.* 

17. The atiU more perishable nature of thatched roofing needs no comment, and though 
cool they arc a constant source of dirt and expense—the remarks in the mode ottrussing are 
equally applicable to tliis species of roofing. 

t * 

* The iutfoductiou 4t' a better description of tiles and more secure mode of tiling is in contcmplationi of which an account 

will be found herein. 



WROUGHT IRON ROOFING. 


18. In comparison with the above, the following details of a system of light Wrought Iron 
Roofing will display advantages enumerated in the Introduction to this Memoir, and which have 
attracted the attention of the Government and Citizens in England for prevention of the disastrous 
effcctsoffires, which of late years have committed such fearful ravages on public and private property. 

It was stated in the Introduction that the adoption of Wrought Iron^framing was gradual 
(Art. 3), having succeeded the Cast Iron roofs by successive stages, from the simple tie rod to the 
perfection of the bcautifi\} arr^ingcment of which this Memoir professes to treat. 

13. As the following pages relate to the different purposes to vdlich iron is applied in roof¬ 
ing, it may be useful to state the properties of the metal under its two forms of Cast and Wrought. 

20. The reduction of iron ore is by means of a furnace in which alternate layers of the ore, 

limestone, (which acts as a flux) and fuel, are placed, it is urged by a powerful bellows. The 
Iron is thus deprived of its oxygen: in this state however it is very brittle, and too hard for tools 
to work on it. Coal, as it generally contains sulphur, is unfit for the reduction of the ore, char¬ 
coal is the best fuel, and next to it coke.* The Crude Iron obtained as above, is melted in close 
mixture with its fuel, the air being almost shut out, it thus absorbs carboy, and is Ihence run' 
into pigs, by channels made in the sand close to the furnace. , 

21. The weight of a casting should be computed before hand, that it may not be spoDed for 
lack of material. Tlie wefght of metal may be approsSmated to by the weight of the pattern of 
wood, which, if of deal, multiply by U‘4, and if mahogany, or any similarly hsavy wood, by 
10’8, for the weight of the casting. 

Particular care should be taken by the Engm^r requiring a casting, to have a pattern made 
and fitted to his work for which it is wanted, and to make the necessary preparations of hollows, 
holes or cavities, as Cast Iron is so difficult to work on after it is received from the Foundry. 
Holes are exactly the reverse in* patterns, being convex projections of the size of the apertures, 
which in the moulds contain a Core. Glue should be avoided in making a pattern, os it melts, 
small nails are»bcst for fixing projections. Allowance must also be made for contraction of metal 
in forming the pattern, somewhat less than l-8th of an inch to each foot of extension, will be a 
guide for the best Pig Iron, 

22. Cast Iron is a very valuable building material owing to its strength, hardness and 
durability, and the ease with which it is moulded. There are two varieties; the gray and white, 
the former softer than the latter, slightly malleable in a eftd state, and the surface of a fracture 
of a granular structure, with^ilusti’c resembling small particles of lead strewed over the surface. 
The white variety is vcfy hard ani brittle, the fracture presenting a chrystallino structure of 
vitreous lustre, like tlJe reflection of light from a combination of smiall chrystals. The gray is 
therefore most suitable where strength is necessary, and the white where hardness is the principal 

• . 

''' Coke is coal burnt with free access of air till it gives HO smoke, It is then shut up from contact with air, and furtlicr 
combustion prevented It may be burn<»in open heaps, aud #hen brought to a red ileat) covered with clay to exclude die ou*, and 
watered through the clay to harden it. • * ^ t 
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requisite, the color and lustre being the chief indications of the quality of the iron; that of a 
uniform gray color of high metallic lustre being the best and strongest; such iron too will bear on 
its edge a slight indentation from a smart blow with a hammer without appearance of fracture, 
which iron of an inferior quality will not. The resistance of gray iron to rupture, from the force 
of extension, does not exceed 20,000 lbs. on the square inch, but its resistance to compression is 
great—^bcing computed from experiment at from 90,000 to 120,000 lbs. on the square inch. 

23. Iron for malleable purpose, after having been reduced from the ore to a crude state by 
the first process before mentioned, is remeltcd in a rev^erbatory furnace, or one that has a cureent 
of air acting on the Iron, and subjects the Iron to the heat of the fuel, without Injing in contact; 
W’hen fused, it is stirred about by Iron rods, which is called “ puddlings’ when the Iron becomes 
tenacious, like dough, liating parted with its Carbonaceous matter, it is wthdrawn and receives 
several blows from a ponderous hammer, worked by machiner)', whicli renders it compact and drives 
off the Oxide which may have formed during the “ Puddling.” The bars thus fonned arc carried 
to the Rolling Mills, whilst in a glowing heat, to be formed into the required dimensions. , 

24. Bars that are rolled should be first reduced to a smaller size than n'quired, then cut and 
d.oubled, broxight to u welding heat and passed again through the rollers to their proper size. 

25. Hods to resist great strain, should be “ faggotted,” i. e., severid rods welded together 
to form one of tlie dimonsions wanted: nuts requiring strength should always be formed by doub¬ 
ling or tripling the pieces and incorporating the mass at a welding heat: great care is necessary 
in faggotting to make gotnl joints, the Iron should be brought to a sufficient heat and the Oxide 
prevented from fonning by sprinkling a little dry sand on it in that sfate, which formai^a coat of 
glass that is driven off by the first blows of the hammer in welding. 

26. A pair of Rolling Mills is shewn below for rolling T and Rod Iron, the metal in a glow¬ 
ing state is passed through the larger apertup^ first, then rc-passed through the next, till it attains 
its proper dimension in the smallest. T0, Qcig wheels on the axes of the rollers are connected 
with the mefring power. 
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27. Wrought Iron may be tested as to quality, viz. by color, lustre and texture of a recent 
fracture, that submitted to examination should be in bars at least one inch square, or if flat, at 
least inch thick, as the texture of smaller baw will differ much owing to the greater dongation 
of the fibres. The surface of a recent fracture of good iron presents a clear gray color of high 
mctalh’c lustre, and the grains present an elongated appearance slightly crooked at the ends, 
^ving an idea of force having been exerted to produce fracture. 

The fibrous texture is an inherent quality of good iron, that which does not possess it is of 
inferior quality and wiU not answer where great strength is necessiiry, such varieties will be 
found to shew a fracture of a dqpp leaden color. * 

28. The strength of Wrought Iron is variable, depending not only on the nfltural qualities 
of the metal, but on the (!are ’taken in forging, and the greater or less compression of its fibres 
when drawl into bars of different sizes. 

29. The resistiuice offered by the best Wrought Iron to rupture by the force of extension 
is on an average 56,000 lbs. per square inch, for bars whose cross section is greater than one 
inch; and it has been found by comparison of relative strength of bars of different sizes, small 
bars are the strongest. The rosistance of Wrought Iron to a compressive force has not been 
estimated as it is nevei used for vertical supports—^the Cast Iron being in such cases superior. 

30. The best Oast Iron used in England is denominated “ Cold Blast, No. 1 Pig,” and is 

run from a Cupola furnace. That for the Wrought Iron work is of the kind called “ Best ’ 
Merchant.” • 

31. Thin Iron Plates are liable to decay frqm rust in damp situations, and when once 
rusted the decay goes on progressively under any paint that may be put on; to prevent this, 
therefoni, the Iron should be heated to almost a blue heat, and then immediately struck over 
the surface with raw linsecid oil, or wax, by this method the pores are filled, and the Iron 
acquires a uniform coating as if varnished. Smoaton generally observed this mode. 

32. Amongst the late examjilcs of Cast Iron Hoofing are two constructed by Messrs. 

Maiidslay and Field, at Lambeth, one over their manufactory, where a Wrought Iron Roof 
wotUd not have answered, as pulleys for heavy weights in the working of the Establishment are 
often attached to the Roof Girders, which the tie rod of an entire Wrought Iron Roof would not 
bear. The ribs are in three separate castings, bolted to hollow Cast Iron Standards, on the 
prolongation of which are light columns supporting a sky light, which is roofed by means of 
light Cast Girders} the whdle is crossed by rectangular battens of Iron, and slated.. The ribs 
are six feet apart, the span of the roof 54' 3". ^ 

33. The other is over the Falcon Glass Works, it^sqian is 50 feet, the construction of the 
Cast Iron Ribs sojnewhat similar to tlie former, in ad^tion to wliicfa isfthe introduction of a 
Wrought Iron horizontal tie’Ryd adjusted and secured to the centre of the Girders. 

34. Cast Iron sijbSequehtly a^nmed another form, and was used in conjunction with 
Wrought Iron, as is shewn in PI. XLIV. of Tredgold’s Carpentry (new Edition), a roof over the 
Sinithery of the Buttcrly Iron Works,ithe span is 40 feet, ai!d it is 150 feet long; the building 
is very lofty; here no weights are required to jjje attached to the tie rods; Cast Iron has been 
employed for the rafters, struts, and for tUe4parts acting ondthe thrust, and the Wrought Iron 

• c* 
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used for thoso subject to tension. The section of the Cast Iron is given in the plate referred to, 
The frames are placed 15 feet apart, but still the construction, though extremely good and not 
teiy expensive, is more heavy and unwieldy than an entire Wrought Iron Roof, as will be pre¬ 
sently shewn, though the introduction of rafters and struts of Wrought Iron, giving the greatest 
strength with a minimum section of material, appears to have bc*en gradual. Experiments were 
made to ascertain the value of Bar Iron for those jjarts of the roof subject to thrust, and these 
being satisfactory, several roofs on Railway stations were thus constructed. 

35. (PL 1.) of an Engine House.on the Great Western Rmlway, at Reading, is an example 
of one of these, but atglance at this in comparison with a roof, s^jeh as is shewn in (PI. 2, Fig. 2) 
for a roof of t^ual span, will shew how very much more metal had been expended on the former 
than on the latter, how far the value of the Wrought Iron was in this early stage of its application 
underrated, and (by a sligfit anticipation of the subject,) how great an advantage has been since 
derived from the rolling of the Iron into the section of that in (Fig. 2,) or the T form being that 
where the least quantity of metal gives the required stability. Vide PI. 4, Section No. (5, (Art. 40.) 

36. The sectionalarca of the Reading Shed Roof rafter is 4" X 1" = 4", and Uiatof the T'lron 

Web. Table. 

Rafter in PI. 2, Fig. 1, is 2|" X f ' -H 24*' X 4" =: "1 "468 and for a Roof, such as is given in (PI. 5 

Wob._ _mie._ *, 

of 60fcet8pan,thesectionalareaoftho T Rafteris 34*^ X 4* + 3" X ''2'790,givingaresultof 
considerable superiority both in actual weight, and consequent cost of material. The diftereiice 
between the solid contents of struts is in the same ratio. 

37. Tlie mode of fitting the parts and of adjustment of the Reading Roof is heavy and 
unscientific. The trusses have besides been placed at the unnecessarily small distance of 4! 
from centre to centre. 

38. (PI. 2. Fig. 1.) of a Roof over tha “ Cowlairs” Station of the Glasgow Railway, one 
of the early erections of Mr. Fox of Bini^m^m, is another example of the Flat Bar Iron Rafter, 
the breadth of which is 3" though infinitS^’Mighitjr than the last, and the construction on the 
whole of a novel and not inelegant design, it has, indepeudant qf, the Rafters, defects which will 
be notic/cd hereafter: the span of this Roof is 32 feet. 

39. It lias been generally admitted that Bars of Malleable Iron, beyond a gertain weight, 
cannot be so well or cheaply manufactured as those of less dimensions, and it is no less certain, tliat 
by a proper disposition of the metal in the Sectional area of the bar^ a greater strength may be 
obtained With a given weight than with a greater weight injudiciously disposed. It was most likely 
under these impressions, (the Iron Work remaining still heavy and expensive) that Mr. Fox, after 
many experiments, was induced to attdmpt the manufacture of Iron of a T Section* as possessing 
the property of sufficient stiipngth with economy of me^al. The proprietors of the Rolling Mills 
at Birmingham were applied to, who after many failures, arising from difficulties experienced in 
the adjustmenf of Rollers for the purpose, succeeded in producing Iron of such a satisfactory form 
as has been since generally adopted in the various Wrought Iron Roofs of which this Memoir treats. 

t 

♦ 1 am not aware of any otkar Engmc^r or Mecluwuit having adopted this form of roof, thouglff'from the many advantages it 
possesses, it must come inlb general use; the demand is now vei^ gVeat, and at the last visit 1 paM to the manufactory of Mr* Fox, 
he had 7 4 CBX 8 of this kind of Hoofing in handfl / 
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40. The T Iron ia ^plicable to both rafters and stmts, t^ie Sections differing according 
to the s^ans of the spaces to be covered. The foUoiving table having reference to (PL 4,) will 
shew the vari^ies in ftdl size for di$ 2 rent purposes. 



r 60 feet,.1 aj* 


. f Strut for 401 . 

( feet Span,... J * 

( Rafter for 201 

5 '•< or 25 feet> 2|" 

! I Span,. J 

6 I 35 to 40 . 2^ 


Table. 

-- Weight per 

Thick- footoflen^h. 


Remauks. 


Not weighed i 
F' 6 lbs. 


The Rafter of PL 2, Fig. 2, is 2^" only, 
in the Web x i«iS considered tho 


fThe Ra 

5 „ . < in the Web X i«hI considered tbo 

iniifimum for that Span. 

itt /Will answer for 3d or small Strat of 

^ » . \ 60 feet Span. 

!■ N«wd^,.d. S""‘ 

i" . Rafter, 40 feet Span on 1st system. 


The junction oOhe web and table is rolled rather thicker than the otherpart3,avoidmgtheangle3 
b}’^ a curve on each side, that being the point most liable to fracture from the necessity that exists 
of laying the T Iron with the table upwards, in order to rivet the angle irons or battens to it^ and 
for proper connection of struts, otherwise the position of the table downwards is the strongest. 

41. Two modes of applying the T Iron are now adopted, which have received from time to 
time various improvements, till safHclcnt strength has been obtained with tho least possible 
material which will be noticed in due course. 

The two kinds of Roofing are shewn in skeleton outline annexed; 


9 






W P 

and as we shall have occasion to refer to them, they ax« designated 1st and 2d Methods.’' 
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43. THE REST METHOD 

»ipore particularly adapted for Roofs o£ moderate span, a;p4 ;Sboul4 not be njppHed when that 
exceeds 40 feet. (PI. % Figs 1, 2,) are illustrative of thia, method (and in order to shew 
the gradual perfection of this construction, we will compare the Rocrf of (Fig. 1) with that of 
Fig. 2) the former, as Iwfore stated, one of the first erected, and the latter containing 
the latest improvements, and beyond which state of excellence it is scarcely possible to cany 
it, combining us it does the valuable properties of simplicity, degance, durability and economy. 

43. The first method is composed* of two inverted trusses a“butting against each other at 
the ridge, and tied together by a horizontal rad, the parts are a combination of Wrought and 
Cast Iron, viz. 

' t ^ 

Wrought Iron 2 Rafters of t Section,... rolled. 

2 bent Tension Rods, ... railed. 

1 Tie Rod,. rolled. 

Cast Iron . 2 Struts. 

1 King-head. 

2 Shoes, 

1 Ridge Cap. \ 

44. • THE RAFTERS, 

have* already been described (Art. 40,) the Section fur 40 feet span being No. 6 in the table and 
No. 6 Section, FI. 4. The upper cuds of th^ Rafters are let into tlie Ca^t Iron King-head and 
secured thereto by two bolts and nuts. Fig. 1, PI. 9. 

45. THE KIIi[G-HEAD 

in (PI. 2, Fig. 1,) is shewn to be ve^^ntracted, the ends of the Rafters are by tiiis 
means braught within 3 inches of each ofu<t||f and ends of the Tension Rods quite close, 
causing difficulty in the adjustment of the screws after the '.^ss is put together—one of 
the improvements as shewn in (Fig. 2,) is the expansion of ftiis Kmg-head, giving a bearing 
of 8 inches between the Rafters, and a more convenient interval between the ends of the Tension 
Rods, Screws, and Nuts. This form too is fer more graceful. The King-head is accurately fitted 

to receive the Ridge-cap, and the bolt which screws it is ffiameter. (Vide Fig. 1, PI. 9.) 

. • • 

STRUTS. 

46. In the centre of their length^^he Rafters are supported by Cast Iron Struts, and these 
form prominent points in the superior merits displayed in the latest constructed of the 
two roofs under comparison. In (PI. 2, Fig. 1,) tiie Strut afiordabw a short bearing of 8* for 
the support tjf■ the Rafter, but miirk the difference in the fioof (Fig. 2,^ Jthe upper part of the 
Strut is expanded, forming three points of rest for the Rafter, the outer ones being two feet apart, 
by wliich greater stiffness is given to the construction and may be noticed in comparison with 
the 2d method for small s;panS, as an advan^ge in giving the Rafter ^ firmer support than 
the single connemon of the other. • Figs. 1, 2, of PI. 9, shew a Strut onerthisd fiill tize. The 
Rafter is secured to the three sockets in th6 upper ends q£ the Stirut by bolts and keys, 
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the lower end is formed into a jaw for the reception of both Tie and Tension Kods, through 
which is a f" bolt, secured either by screw and nut or by a key. 

47. When there is no skylight to this Roof the points of support should be rather below 
the middle of the Rafter, as the connexion at the lower ends of the Stmts is stiffer than at the 
Shoes, the weight of the skylight acting as compensation. 

48. THE SHOES, 

wliich are of Cast Iron, are prepared to receive the ends of the Rafter and Tension Rods 
—these latter are not however always secured to the Shoes; (PI. 2, Fig. 2,) shews the Rafters 
fitted to the Shoes, and the Tension Rods secured to the Rafters, both by means of 
bolts and nuts; the Shoe has a return for receiving a holding-down bolt diameter and 5 feet 
long—this is necessary In large open sheds or buildings in exfwsed situations; the end of the 
bolt is oblong, square-headed, which is dropped through a nut previously built in the wall, and 

a half turn of the bolt secures it. The hole in the return of the Shoe 
should be slightly elliptical, to allow of the holding-down bolt having 
a little play. The securing of the Shoe in this way is not always 
necessary, many of the examples shew it merely laid on the w^ 
» plate, the whole system of connexion being so firm as to cause no 
apprehension of derangement. This mode of fastening the Tension Rods 
too is adopted when the ends of the Rafters arc made fast to cantilevers, 
or cross girders, which is done by sockets being cast on the girder? for 
their reception. In (Figs. 3, 8, 9, PI, 9,) is shewn mode of securing the ends of the Tension 
Rods to the Shoes below the Rafters by imaius of screws cut at the ends of the rods and nuts, 
this admits of a veiy nice adjustment of the parts of the Roof, and is applicable to either system. 

49. THE TEKSrON RODS 

of rolled Iron are forged, each in one piece, to the angle necessary fortheir correct adjustment at the 
three points of connexion with the King-head, Struts, and Shoes. The lower half of each Rod is of 
greater substance than the uppen having not only its duty to perform in bearing the Tension from 
the King-head, in the direction of its length, as part of the inverted Trass, but dso that of a Tie 
in a nearly horizontal direction; thus the Tension Rod (PI. 2, Fig. 2,) of the 40 feet Span Roof, 
is 1*' diameter between the Strut and Shoe, and only between the ICing-head and Strut. 
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50. The screwed ends of the Tension Rods should be of such diameter that the Sectional 
area of the bottom of the threads shall not be less tiian that of the other part of the Rods. This 
rule is also applicable to screws cut at the ends of any Rod submitted to Tension, as it preserves 
an equal soli^ty of metal throughout the whole length. 

51. THE TIE ROD, 

which completes the arrangement of the Truss, is of a medium substance between the two ends 
of the Tension Rods; that in the example under examination, for a 40 feet span is f". The ends 
are formed so as to embrace the 



angle of the Tension Rods, which connexion is secured to the jaws in the loweb ends of the 
Struts by bolt. The line of Tie in this, as in the other method, is not horizontal, though that 
position is theoretically proved to be the strongest (vide calculation at the end of this Memofi*) 
the strains being less, but were the Tie-rod thus placed, the longer and heavier must be the 
Struts and Suspension Rods, so a true principle of economy has directed a medium to bC' pre¬ 
served, combining lightness with a proper regard to sufficiency of strength. 

• • 4 

t 

52. If any the slightest doubt should arise regarding the strength of the Rods, they should 
be subjected a dii^ct strain of not less than 8 Tons* per square inch. 

t 

* 

Xhe Weights of Cftsb Btid Wrought of differeht kindB^ will be found in Tablec at tiie end of the Memoir. 

1 

I 
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53. KIDGE CJU>. 

(A PI. 2, Fig. 2) of Cast Iron, is bolted to the top of the BSng-head seouring the Bi%e Pieces, 
shewn in Section above it; which are also of Cast Iron, and of a length correspondBng witih the 
distance between the .Centres of Principals, these are cast with a slight lap on the nnd^ edge to 
allow the tiles or slates to lie well under them preventing the possibility of leakage. Fig. 4, Pi. 9. 

54. THE SECOND METHOD 

differs principally from the first in supporting the Horizontal Tic by means of King and Queen 
Rods, and in the Struts being of Wrought T Iron, it may be applied t<j spans of considerable 
extent. 


55. In a competition for a Roof to be thrown over an Octflgonal Engine Shed on the 
Birmingham and Manchester Railway, a design for a Wrought Iron Roof by Mr. Fox on a 
principle similar to this, but somewhat extended, and with extra Radiating Ties, was considerably 
under other Estimates submitted, all of which were for Timber. The diameter of the shed being 
130 feet. The advocates for Timber were of course obliged to have recourse to intermediate 
supprts, or 8 colunuas within the Walls, whilst the design for the Wrought Iron Roof was to 
Span the entire spate, and nothing but the most unnecessary fear on the part of some of the 
proprietors (unscientific men) prevented this splendid design from being carried out. 

a 

56. (PI. 5, Fig 1,) of a Roof of 40 feet span and (Fig. 2,) one of 60 feet span, are two of 
the best examples of the system that could be select^ to shew the detail of construction, as both 
have been executed recently. Leaving the Skylight of the latter for future remarks, the parts of 
the second system consist of 

* 

Wrought Iron —2 Rafters of Rolled T Iron, 

Struts of ditto. (No. and dimensions varying with span,) 
t d?ie Rod, 

1 King Rod, 

• Queen Rods, 

and coupling plates to Rafters and Struts. 

t 

Cast Iron —2 Shoes. ^ * » 

Ridge Cap and Ridge Piece. 


57. ’ * . * the RAFTERS 


differ in Section according to the ‘span; No. 1 in the Table may be taken as the nuuumum of 
substance for a Roof of 60 feet, and No. 3 as the minimum for a 40 feet span. (PI. 4, Sections 
I and 3.) The Web^ is punched at the proper distances *for receiving the bolts connecting it 


t^tdrpM ?uyic LShrarfi 

Acca.* D*t« fe 
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with the Struts and Queen Kuds, the upper ends being rivetted together by means of a Wrought 
Iron plate on each side, 



and prepared so as to receive the King Rod*bolts; the lower ends are tapered off and secured to 
Shoes or Girders as the case may be. 

58. THE STRUTS 

in this system are of T Iron.* In PI. 4 are gjven the Sections of the Struts used in the Roof 
of (JO feet span, the principal one is No. the Table, the other two might be No. 3, though 
the Section in the Plate gives the Table and tlie Web If" x 1^", a little too stout. The 

Struts (PI. 5, Fig. 1,) are No. 4 of the Tuli>lfe. 

59. The connexion of the Struts with the Rafters by meap^jajf Wrought Plates is correctly 
shewn below 



* Thiirc are examplan of the Struts belug of Cost Iron^ and with a duo regnr^to lightness and strengtli* they may bo so made. 
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the Web of the Rafter being embraced between the plates by the Queen Rod, and tlie plates 
rivetted to the Struts, the upper ends of which are cut so t^s to fit close to the under edge of the 
Rafter. The Table of the lower ends is prolonged horizontally, and punched to receive the 
Queen Rod connecting them with the Tie. Wedge-shaijcd washers of Iron are introduced above 
and below the Tic, to bring the Nuts square on to the screws, the Tie Rod not being horizontal 
(vide Art. 104.) 


60 . THE KING ROD, 

Suspended from the bolts passing through the plates Avhioh connect the up'j^r ends of the Rafters, 
is secured through the tcntsal coupling plates, on the circunifercnce ot which are the lower ends 
of the pruicii)al Sti’uts forming connexion between them and inimr ends of the lie, as shewn 
below 
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The King Kod in this example is ly diameter. In some instances, as below, 



7a/>lf Of ft <1 *' 


s 


the principal Struts are forgr^d togctlier at the lower ends, and the King Rod passing through 
the Horizontal Plate thus formed, connects them to the Tie, which is here in one piceg.* 
Diameter of King Rod I*. 

61. .THE QUEEN ROD, 

or Suspension Rod. Tn the 60 feet Span Roof these Rods are of two dimensions of Round Iron, 
the largest being Y and the smaller I' diameter; that of the 40 feet Roof being only Y diameter. 
These upper mids embrace the connecting Plates of Struts hnd Web of *t]\c Rafters by means of 
Bolts and Ke v^, and the lower ends pass through the Horizontal Table of the Struts, forming the 
junction with tlic Tic Rod. The screwed ends of these Rods enable a perfect adjustment to be 
made of all the parts after the principals afe in upsition.* 

• 

* The prificipab are put together on the grobnd, before being placet iu poeition on the Walla of the BoUding. 
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62. THE TIE EOD 

of a Roof of large Span (Fig. 2, PI. 5,) is in two lengths, the junction being completedbyraeans of a 
pair of Wrought Iron Coupling Pla tes, ^ inch thick, holding the lower ends of Struts pierced for tho 
reception of the King Rod. In a smaller Span (Fig. 1, PI. 5,) the Tie is in one length, eyes are forged 
in the centre and at the proper distances for the reception of tho King and Queen Rods. The Tie, 
in the fomer instance, tapers from the extremities of tho Sp.in towards the centre; the diameter 
of the outer ends that of tho next length and at the inner end 1^" lieiiig in proportion to 
the degree of teusioi} each part has to bear. The diameter of the Tie in the latter example is 1 

63. The mode of securing the Tie Rod to the Shoe lias been iwinted out under the head of 

“ Shoes,” in the other method. (Art. 48.) « , 

* CA (hi the opposite page is shewn a mode of connecting the Tic Rod to Links; (which are 
used in the case of a doiililu line of sheds, and sometimes forming part of an Iron Corbel built into 
the Wall; a pair ofPlatiis are liohcd to the link and fastened at the distance of 
to the end of tlic Tic by means of a Gib and Wedge Key. This allows a certain 
flexibility, but is more adajited to the fixture of Cross Braces acting as Wind Tics. 

THE SHOES 

of Cast Iron, tho form of whicli is suited to the mode of adjustment of Tie§ and Rafter considered 
most advisable : stwenil examples and forms of Shoes arc given in th(! Plates before alluded to, 
each well adapted to its pui’pose; they are .strengthened by Side Ribs cast on them. 

66, ANGLE IRON OR LATHS. 

The coverings on these Roofs, whether Slates, Tiles or Zinc, arc laid on Laths bent to an angle 
in the Rolling Mills (Section i'l. 5,) and cut to the lengths of the bearings between the Rafters 
to which they are rivijttod (J’l. 4, Fig. 3,) is,a Section of Iron used for tliis purpose thick, tlie 
weight ])er foot is 1^ lbs. only—^tlic lei^t^f the under side is l.j/ and the perpendicular side 1 1". 

This tbnu has been adopted as ,|t^inge8t, after various experiments on the same thick¬ 
nesses, bent at angles var}’mg from 135“ to 1)0“. In laying the covering 
on Roots, a practice was at first common of completing the square of which 
the Angle Iron forms two sides, by means of wood laid in ; but the wood 
being liable to decay, it was discontinued, and a liriucr mode of fasten¬ 
ing the iilates and Tiles was adopted as follows; 
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Copper Slips thick and ^ wide (shewn in red in the above figure) are passed through 
the upper parts of each Slate or Tile, down the rear of the Angle Iron and bent over tike foot of 
it, by this means the Slates or Tiles are entirely secured from the effects of wind, and the Eoof 
may be safely walked over for repairs, &c. 

The Ridge Piece and Ridge Cap have been before described. (Art. 53.) 

67. The weights of a Truss of each System and its parts, are accurately given below, 
shewing the lightness of the construction. 


FIRST METHOD. 



Wrought Iron. ^ Tabk. Web. 

Cwt 

Qr. 

lb. 

Cwt. 

Qr. 

lb. 

Cwt 

Qr. 



2 Rafters T rolled. 2p ... 2f". 

1 

3 

20 

• 






1 

2 Bent Tension Rods and Nuts,.*. 

0 

3 

0 








1 Tic Rod, f diameter, .. 

0 

0 

26 







t 

42 Rivets, diameter,.. 

0 

0 

1 







cS 

12 Bolts and Keys to King-head and Shoes, . 

0 

0 

4 







o 

Cast, IroTL 




2 

3 

23 





1 King-head,. 

0 

0 

20 








2 Shoes, ... 

0 

0 

16 








2 Struts, .?.... 

0 

3 

0 









— 

-1 


1 

0 

8 









• 

Total. 


4 

0 

3 


Add weight of Angle Irons for one space, .. 







2 

2 

*0 



• 



Grand Total,. 


6 

2 

3 


The Angle Irons in this Roof were 15|- inches apart, and 6' 8^ from centre to centre of 
Trusses. • 

N. B. The above refers to (PI. 2, Fig. 2,) shewing a Roof of 40 feet Span on 1st system. 


68 . 


SECOND METHOD. 


WrougM Iron. 

2 Raftenf (for Section vide Tabic) No. 1. 

6 Struts, ditto,... 

Tie Rod and Keys,*. 

Qjj * 1 King and 4 Queen Rrtlsjt . 

^ 7 Fairs Connecting Plates for Rafters and Struts, 

J Centre Coupling Plate,. 

^ Bolts, Pins, Rivets, &c.,... 

^ Cast Iron. 

King-head,..^... 

2 Shoes, .. 


Cwt 

Qr. 

H). 

Cwt 

Qr. 

tb. 

Cwt 

Qr. 

lb. 

5 

2 

0 







3 

0 

14 







2 

3 

16 







0 

3 

17i 




« 



0 

0 

19 







0 

0 

]2f 







0 

.0 

19i 










12 

3t 

14 




0 

0 

12 

» 






0 

2 

0 







— 

— 


0 

2 

12 




Total li^eight of Principal,. 

13 

1 

1 

26 


9 p 

N. B.—The above refers to (PI. 6, Fig. 2,)#8hewmg a Roof of 60 feet Span on 2d system. 

• • • • 

* Outer diameter of Ee,..*.. If Ind. | ,t Cifneter of KhiK Bod,. U Bicli. 

Centre ditto,. U „ | Ditto Queen ^tto, . ) 

Inner ditto, ..... If » 
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69. The expense of these Wrought Iron Roofs in London is as follows, and being unable at 
present to foresee the mode in which it may be intended to supply any demand in India, the 
English rates are here retained. The date is, 1 trust, not far distant, when the cost can be 
given in Rupees.* 

70. Rate of 100 superficial feet of Iron Roofing, such as is shewn in (PI. 5, Fig. 2,) 60 feet 

span, measured on the plan of the building £7*15-0, including Angle Irons and Gutters. 

The same with Skylight about £ 9-0-0. 

71. Ditto ditto ditto as shewn in (PI. 5, Fig. 1,) 40 feet span £7-2-0, with Angle Irons, but 
exclusive of Skylights.* 

72. Ditto ditto ditto as shewn in (PI. 2, Fig. 2,) 40 feet span £6-5-0. The Skylights being 
an additional expense of about £1-0-0 per 100 superficial feet. The‘measurement in all is 
horizontal. 

73. It is necessary to state briefly the mode of putting the principals together to prevent 
derangement of the parts, and as a caution against the nuts ajid rivets receiving final adjustment, 
previous to their being placed in position. 

74. Each principal is put together on the ground, the Shoes and ends of Rafters being 
supported a few niches above it. 

In the fist system, the Rafters arc fist adjusted to the King-head and Shoes, then laid on to 
upper ends of Struts and Bolts dropped through ; the ends of Tension Rods arti put through the 
Shoes (or on to the Rafters, as the case may be) and King-head, the nuts being put on loosely, and 
in conjunction with the Tie bolted into the dower jaws of the Struts. In raising this Truss, a 
stretcher of wood, forked slightly at each end, should be laid on to the Tie, pressing against the 
lower ends of the Struts, to prevent the tendency of the two sides to close on each other wliile 
placing the Truss on the walls. < 

75. In the second system, the KaftA 3 >«re laid together at the ridge, with the angle plates 
and rivets loosely put in, which, with the*K.i«g Ih'jd and its bolt being put on, will give the span 
at the feet. Tie Rods are then put through the Shoes, (nuts loosply put on) and fitted to centre 
coupling plates with the lower ends of large Struts. Rivets are dropped through the upper ends 
of Struts, but not fastened, the upper ends of Queen Rods are then adjusted, and lastly their lower 
ends, with those of the smaller Struts, the screws may then all be tightened, but not to tlie full 
extent necessary, and angle plates rivetted. 

76. Care must be taken in hoisting the principals, not to lift them by the angle or otW 
points of connection, but by the spaces between. 

77. ‘ * SKYLIGHTS. 

« * * ^ 

Amongst the various buildings to winch this mode of Roofings is^iapplicablc, there are many in 

which it is <{<-sirable to introduce Ridge or Skylights, such as extensive Sttjpc Rooms, Workshops, 
Public Offices. Halls, &c.; the present article is therefore descriptive of tlie different kinds which 
have been adopted. The more lofty* kind, such as is applied to the Roof in (PI. 5, Fig. 2,) has 
sloping louvres, or^ they may be termed Jalousie^ockets, cast on the standards for the admission 

of air at the sides, and may be eithA* covered in abo\^*, similarly to the other parts of the Roof, or 

# • 

Esiimatcfl of the cost of n^anufaoturmg these Roofs at the Irott Bridge Yard in Calcutta, have been circulated lately, the 
rates of which are but in excess of the Loudon rates« * • 
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glazed. This Sykhght, though executed in England, might be too lofty to be Tecommended for 
Indian purposes, where the force of the wind is so much greater. (PL 3,) exhibits four Muds, 
of very general application, which may be used according to circumstances. The Stai^ards are 
necessarily of Cast Iron, as is also the Ridge Cap, and in those where the upper surfaces are 
glazed, the frames are cast in lengths equal to the space between two principals. The Standards 
are bolted to the Rafters of the Roof either by 2 or 4 bolts, according to the weight and extent of 
superstructure, (Fig. 3) shews the addition of a Skylight of 4 louvres to the 2d system, the 
Standards of which are 1|- feet high, the Roof is for the 'reception of glass. 

78. In (Fig 1, PI 3,) the Standards are dispensed with, the means of opening and closing 
from within are by a mpveaible lever bar bolted to the end of the smaller Rafter, on which bar 
there are two rests, the upper with a curve upwards, the lower curving downwards j thus the 
upper one catches the under side of a projection on the bracket and keeps the Skylight closed, as 
on the right hand side of (Fig 1',) and the lower catch of the lever bar rests on the upper side of 
the said prelection, keeping the frame secure in an open position, as is shewn on the left side. 
There is a great reduction of metal in this latter plan, and under circumstances where the 
structure is light, it will be found preferable. 

4,) is illustrative of a Skylight of less altitude than (Fig. 2,) and was erected on the 
Roof shewn in (PI. 2, Fig, 1.) 

WIND TIES. 

79. In Buildings or Sheds of considerable elevation and open to the weather, such as Dock 
Yard Sheds or lofty Workshops, exposed at the sides and ends, cross braces, called Wind-ties, 
are used to stiffen the construction. 

80. (PI. 4, Fig. 1,) shews the application of a Tie of this kind to a Roof, the Rafters of which 
are 6 feet apart, the Wind-tie is of Rod Iron P inch diameter, with a return at each end in opposite 
directions, corresponding with the lines of Tie Rods of the Trusses to which they are applied in the 
maimer shewn in (Fig. 2,) one bolf being secured through the ends of two lengtlis of Wind-ties. 

Wind-ties may cither be applied from the centre of one principal to the outer extremities of 
the 2d removed from it ; or from the extremity of one to the centre of the next, and then con¬ 
nected with the one in succession in a direction parallel to that of the Shed. 

They are sometimes applied from the centre of a Truss to Brackets in the wall, 8 .or 4 feet^ 
below the level of the line of Tie Rods, as shewn by the dotted line a 6 in (PI. 7,) being in 
prolongation of the Tension Rod. ^ 

81. The introduction of these Roofs to the Slips and Sheds in II. M. Dock Yards, was stated 
at the commencement of this ^l®moir (frequency of fires and loss of public property having 
drawn the attention of Gycmment to tMb expediency of the measure) and two plates (6 and 7,) 
are given as illustrative of the extent of the application. 

82. (PI. 6,) is on the 2d System, a triple Shed, the centrefSpan or Slip being 37 feet, and Side 
or Store Sheds 18 feet ehch—^they are supported on hoUbw Cast Iron Columns, the centre ones 
being 10'' and the outer ones diameter at the base—^low Skylights are applied to this Roof. 
Cross Girders connect the columns longitudinally, thrdligh which the ends of the Tie Rods are 
bolted—the inner ends of the Ties of the Store Shgds pass through 4;he centre columns. 
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83. (PL 7,) shews a splendid Roof for a Slip in the PembrokeDock Yard, it is 82' 6" in span, 
and also one of a series of three parallel Sheds all of the same span. The height of the eaves is 
50 feet. The Rafters arc of Rolled Iron, with a double table, the depth being 6^. The Struts arc 
4" in depth, the Tension Rods are 1^" diameter, and the Tie Rod tapering from If" at the extre¬ 
mities to Ig*' in the centre. This Roof is an extension of the first system, and in order to avoid 
the weight that would result from tlie Cast Iron Struts of this system. Wrought t Iron has been 
introduced, and the Tie Rod has been kept horizontal. The whole construction is accurately 
shewn in the plate : no further comment is rcfpiired on. the practicability of covering vast as well 
as small spaces by means so simple, dtirable and efficacious. Wlio can contemplate this Roof, 
and not be convinced of the superiority of the system over Timber for this and other purposes. 
(Vide annexed Sketch.)’ The Timbering of a Dock Yard Shed is a mass of heavy frame-work of 
complicated and expensive construction, and liable to destruction at any moment from fire. 

84. HIP ROOFS. 

To construct a Roof with Hip Rafters of Iron, the dimensions of the parts must be thus 
previously determined. 

Supposing the Spgn to be 40 feet, care must be taken to have the distances between King 
and Queen Rods equal to that between the centers of principals, as below— 




by this means all t^e King an^ Qdben Rods will range m corrupt lines, and the slope of the Hip 

will be the same as the slope oY the sides of the Roof (pl. 8,) shews the construction of a Hip 

Roof of Wrought Iron. , • 

0 
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85. Fig. 1 is the plan of the position of the Bafters, &c., radiating from the termination 
of the rectangle. Figs. 2 and 8 arc the elevations of the principals on the 1st System. 


De.si</n Jor 14 rt. Iron It</^ vn, th* 'OoiAj/' 
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86. The detail is given to a scale ^ full size, and exhibits (Fig. 4,) the connexion of the 
principals vrith the King-head, its form and mode of securing the upper cud of the bent Tension 
Kod, (Fig. 6,) the central Plate for receiving the Ties of the radiating Trusses, and (Fig. 6,) 
the mode'^f junction of the auxiliary Rafters with the main, 

The Rafters in this plate are supposed to be of the doable Section treated of in the next 
Chapter (Art. 92.) 

87. Tn order to show the universal application of the System, annexed is a design for a 

Roof on a Gothic Building of the early English style. The sides of the Roof forming an 
equilateral Triangle with the base, the framing for which is so adjusted as*to give the full effect 
to Strut and Tie, so that the action of the weight sliall strain the Ties in the direction o£ 
their length. * , • 

88. The two systems of Wrought Iron Roofinj^ have, in the foregoing examples, been so 
variously applied, and the several parts laid down with such attention to detail, as to exhibit 
the ready means of adapting them to Buildings of any fonn and spans of vast extent, the result 
has been, I hope, to verify the assertion in the Introduction of the subject, that there exists a sure 
and easy mode of constructing permanent and elegant coverings as substitutes for the rapidly 
decaymg material nov^in too general use. 

89. The various designs, (and T may add the study that has been given in perfecting, 

them) most truly agree with the motto in the first page of this Memoir. * ’ s 

• 

On the AppUciilion of fVrought Iron Roofs as adapted to such Buildings as font the 

Dwellings of Europeans in India. 

90. Roofs such as have been described having been jq)plied in England to a variety of 
Buildings, and their pumliarly light constructiew rendering their adoption a measure of more 
tlmn probable advantage in India, where frequent destruction of property, public and private, 
takes place, and building material is very perishable, I was induced to attempt such a modifica¬ 
tion and improvement on the Rafter us should render these Roofs serviceable for Buildings 
inhabited by Europeans; the Rafter already ti'eated of with only a single Table, not affording 
sufficient prot|fction from the Sun. 

91. Of the adaptation of Iron Roofs to other Buildings, such as Store Rooms oi all kinds, 

Workshops, Sheds and other Buildings where protection from fire or decay is an object, no further 
remarks arc necessary than those already set forth, and the detail of which has been given; thic 
examples discussed being such as may bfj readily adopted. The case however is different vith 
regard to those Buildings meant os residences for Euiopeans; for Iron‘Rdofs, with no other 
covering than tiles, would not afford sufficient shelter from the Jvoat of the Sun. It became 
necessary in considering the matter, to arrange for an inner covering, providing at the same time 
means whereby the hewf should not be transmitted to it from the external one; and after the 
rejection of various plans, the following arrangement was found to unite the greatest probabi¬ 
lities of success. , • 

constrvctiOn. 

92. H. 9, Fig. 1. The* Rafter is desWed wijj^ a tablb or flange at the lower end of the 
web on which to rest an inner ceiling, ana as tW tl^le could not bo attained to the ordinary 
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T Iroii on account of its preventing the connection of Struts and Tie Rods, it became 


necessary to divide the web into two thicknesses of each, thus 

the tables being 1^" long to support a ceiling, and the two halves at an interval of apart, in 
wliich the Struts and Tic Rods just fit, and are secured by bolts connecting them and the half 
rafters together. The inner ceiling then remained to be determined on, and the common 
Sheet Iron or Zinc }>la1^ proving too weak for the span between the trusses. Iron of a novel and 

strong form was chosen such as is shewn in Section and called 

“ Corrugated,”* the j)lates, are rolled into a serpentine form of various tljicknesses, and being 
thereby rendered stiff and strong, 1-lCth of an inch was found sufficient for tliis purpose; plates 
of the Corrugated Iron are rivetted to each other, and to the upper surface of the lower talde, 
and the space thus formed between the inner ceiling and covering of the roof to be filled in with 
broken charcoal or other nonconductor of heat, thus forming a cool and efficient roof, 

93. The charcoal should only be filled up to tl»e level of the top of the rafter, thereby 
enabling any heated air that may find entry, to pass off between the division of rafters and 
under the ridges. 

94. Fig. 2. ^hews the mode of introducing the Strut between the divided rafter, and 
Fig. 3, the comiection between the rafter and shoe ; in which additional support i.s afforded to 
the Rafter by means of a projecting heel against which tlic half rafters abut firmly, and the bolt 
secures the whole. 

The above has ri'fcrence to the Ist System. 

95. Fig. 4. Shews the application of % divided rafter and Corrugated Ii-on to the Second 
System, in elevation. Fig. 5, is a sectioi^hfbugh the ridge, shewing the mode of fixing the King- 
head in this case, also the ridge-cap and fnc.t<i^‘’with the transverse bolt. 

96. Fig. 6. Shews the junction of tin* Struts (which, as bejbrc, arc of t Iron,) and Queen 
rods with tlic Rafter, and Fig. 7, the connection of the lower Strut where the Quton rod is not 
required. 

97. Figs. 8 imd 9, .ire the front and rear elevations of the Shoe with the Rafter affixed, the 
latter Fig. also shewing the end of Tension Rod passing through the Shoe below’ the Rafter. 

98. * With these exceptions, the construction of the Trusses is th*e same os before described. 



* The Patent fur this Iron i|cxpircd} and it can now be purchased at u moderate rate. 



IRON GUTTERS. 


99. The introduction of Iron as the component part of a Roof afibrds an excellent oppor¬ 
tunity for the introduction of efficient Gutters, and thus draining the rain water from the roof 
instead of permitting it to deface the walls as is too generally the case, and adverted to in tlie 
Introduction to this Memoir. 

100. Suppose F*g. 10, PI. 9, to represent a half Truss of a two storied Building— 

at A is shewn in Section a Cast Iron Gutter, which is rivetted on tp the Table of the 

Rafter, and laid the whole length of the eaves. The roof of the upper story is suj)- 

ported on Cast Iron Columns which are hollow, and in the Gutter, just over the heads 
of these columns, are apertures conducting the wftter through the columns, to the head 
of a Pipe at B. Fig. 10, inserted in the wall, and wliich is connected with a proper 
drain at the base of the Building. 

101. The Cast Iron Columns, if the Building Is light, may form the appropriate supports to 
the Verandahs of an upper story by themselves, and if the Building is of a massive description, 
a plain pipe may be introduced from the eaves of the Roof through the whole height to the 
drain below, passing through cither a column of Masonry or Wall. 

102. If the Building is one of a single story, the application of the Gutter and Column, 

or pipe is made in precisely a similar manner, as it is only supposing the hollow Iron Column 

to form the support to a Verandah on the ground floor, or where a wall exists the {Ape is 
substituted. • . < 

Figs. 11, 12 and 13 shew the detmls of the Gutters on a larger scale, viz. 

Fig. 11, a Section through one of the rain water heads leading to the pipe or column below, 
shewing the joint of the water head with Jhe Gutter. . 

Fig. 12 is a plan of the same. , 

Fig. 13 is a Cfoss Section through the Gutter shewing the dimensions of the 

Metal. • 

« 

The following Estitmates shew the weights of Metai in a single Truss on both systems, for a 

span of 45 feet each, the Trussps b^ing placed.6 feet 8 inches apart. 

* # ^ , 

'Pie superficial measurement on a ground plhn Ixffiig equal to 300 feet hoiizmital space 

covered by one Truss, and its complement of Angle Irons or Lathif. 


f 



1st method. 


Truss, including the Laths complete, sufficient to cover 300 feet super- 







ficial measured on plan. 

Cwt Qrs. lbs. 

Tons. 

Cwt 

Qrs. 

Wrought T Iron in Rafters, ... 

3 

3 

7 




Wrought Iron in Tic Bar,... 

0 

2 

0 




-ditto in Bolts, . 

0 

1 

0 




Anglo Iron..... 

5 

3 

3 




Goirugated Iron,... 

18 

2 

14 




Rivets, ........ 

0 

0 

4 




• 




1 

9 

0 

Cost Iron in King Heads,. 

0 

0 

21 




-ditto in Shoos,. 

Q 

1 

7 




-ditto in Ridge,... 

0 

i 

11 




-ditto in Struts,... 

0 

2 

0 




-ditto in Gutters, .. 

1 

2 

17 








0 

3 

0 

Cast Don in R. W. Pipes, Bends, R. W. Heads, . 




1 

19 

3 

Wrought Iron Nails for ditto, ...... 


.. 


0 

0 

2 


This has reference to Fig. 10, PL 9. 


2nd method. 


Truss, indudinjT the Laths complete, sufficient to cover 300 feet 

superficial of Buildin^^, measured on plah. Cwt. Qrs, lt)s. 

Wrought T Iron in llafters,. 3 2 24 

-ditto in Struts, . 1 3 7 

- ditto in Tie liars, . 2 1 11 

liolts and Connecting Plates, . 0 0 14 

Corrugated Iron,.. Oil 

Rivets, . 0 0 3 

Cast Iron Shoes, . 0 10 

Cast Iron Ridge, . 0 1 14 

Cast Don Gutters,. 2 0 21 

Cast Iron Shoes for Ridge, . 0 0 7 


Cast Iron in R, W. Pipes, Bends, &c. 
Nails.for ditto,. 


Tons. 

Cwt 

Qrs. lbs. 

1 

10 

0 0 

• 



0 

2 

3 14 

0 

11 

2 0 

0 

0 

0* 14 


These Trusses, must be remembered, are for Roofs to the Dwellings of Europeans, with an 
Inner Coiling. , ^ 

The difference of weight between these and the Trusses ^ven in Art. 70 is caused by the 
double RafDr and Corrugated Iron, 

Investigation of the Tensile and Oompresswe Strains wl/kh act upon Rafters^ Tie and Tension 

Rods of the Wrought Iron Roofs * 

103. The weight of the Booli being given together with the ^rectlons of the various parts, 
by the laws of Equilibrium tibie forces which *aQt Ob the different parts can be deternuned, and 
thence the necessary, section b<7 deduced. * 
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If three forc^ at a point and keep it “in £g;ailibria” and a Triangle ha formed by lines 
dranm in the direction of the forces, and one side represent its corresponding force^ the renuuning 
sides will measure in directitm and magnitude their respective forces. 


A 



Let the truss with its proportional superincumbent weight* == 2 w, ^ BAF zz 
Z.DBF=:^, Z.ADF = |3. The columns M and N equally supporting the weight of the 
Roof = 2 w, must each sustain a pressure = w. Let A B represmt w, produce D B, G B, and 
draw a b, parrallel to A B—then a b will represent the strain on A B and B b the strain on 
BD, ac and B c will represent the same strsuns if B D E C be horizontal. 

a b : a B =: w : : Sin. a B b = Sin. (p + 90) = Cos. p : Sin a b B 
• = Sin (90—(tf + p)) 

= Cos. (tf + ji) 

a b = w „ = strain on A B. 

Cos. (0 + 6 ) 

b B : a B =: w : ; Sin. 6 : Cos. (d q- p) 

.•. b B = w p —= strain on B D. 

Cos. (0 + 

Now since there is Equilibrium at the point D the force in B D must be balanced by the 
forces in D R and D A, and .•. if we draw B d and b d parallel to A D and D E then b d will 
measure the force in D R and B d the force in A D. 


h 


b d : B b = w : ; "Sin. b B d =: Sin. — p) : Sin. (180—j3.) 

b d = w = strain on D R and since the horizontal Tie Rod is equally acted 

on at its extremities by equal forces in opposite directions of w. the Tension 

of the whole length of D E will be equal to w. * 

B d ; B b =: w. : : Sin. p ; Sin. (180—jS) Sin. /3. 


B d = w. 


Sin. 0 Sin. 0 ^ 


,, = straih on AD. 


Cos. (6 + ^) SinrjlJ* - ““““ 
and if A B be trussed by^be rectangtSar strut D 6, 


then the force exerted on D G, will be as 





9 


104. Take another Truss (the 2d system) for example. In this case if B a — v, as before 
and an^es be denominated by the same letters (0 being absent.) The stndn <m A B will be as 

Co», . T» T» l-i. S». #■ 


before w. 


t* that on B D. ditto w. 


r’ and that on A D will be ss 2 a B -|> 


Cos. (r-R) "■ Cos. (0 + 

4Bd=2»+4w, =2»'. (1 +2 = 2 w. 

as will be seen by resolving forces in A B and A C, and also in B I) and D 0, and adding them 
together for the total force exerted on A D. 

Had B D C been horizontal, then the force inAB = ac=w. =: w. Sec. &—also in 


B C =r w. tan. 6, and inAEs:2aB;=2w., which theoretically proves that the nearer the 
horizontal the Tie*beam beepmes, the less are the strains; but also of* course the heavier the 
Struts and Kpds, and principles of economy induce a medium to be taken, combining lightness 
and a sulhcicacy of strength. 



SUPPLEMENT. 


105. Whilst on the subject of Iron Hoofing, I may notice the examines of horizontal Cast 
Iron Girders as applied to Hoofs that have come under my notice, nor are they confined to Roofing 
alone, for many Public Ruildings, and lately the ground floors of private dwellings have been 
supported by this means, the intervals being light arches of brick or tiles from 6*' to 9" tliick, 
thus preserving the upper stories from the effects of fire that may have its origin from below. 

Previous to entering on a description of cxara|jles, I will extract the essential points of con" 
struetion and mai'k the rules necessary to be observed in designing a Cast Iron Beam for a 
ai)ccific object, as laid down from the exjKjrience of Kngineers, and detailed by Mr. Turnbull in 
an Essay on the five djftcnfnt Architectural Sections. 

When a comparison is to be made between the ela.stic jmwers of diflFerent bars, or beams of 
the same form and material, it is necessary to keep in mind, that when the Transverse Section is 
rectangular ‘Mlie breadth of the Transverse Section, drawi into the square of its depth ; divided 
by the length of the beam, drawn into the measure of its elastic power, must be the same in all.’* 
'flic c(»iisfant number derived from Mr. Barlow’s measure of Cohesion is 1000, and that by 
Mr. Tr^dgold is 850, the Test of actual ex|)f;ricuce has however shewn tliat a mean will approach 
nearest to the tnith, for many Engineers have obsened that Ixnims constructed by Tredgold’s 
rules have a redundance of strength, whilst those by Barlow are rather too weak; a claim there¬ 
fore may pro|xjrly be established for a preference to the mean which we will call 925. 

The five forms of Section given below 

/ ’ ■ s 4 





are those most commonly used in Buildings for Girders, Bressurners, &c., we will now consider the 
relative values and pi-oiwriions of the different Sections, and first of the 

Oomf)lete RectonguUvr Transverse Section. 

b = A B, the breadtl\nf the Transverse Section A B C D in inches, 
d = A C, the depth in inches ; 

1 = the length of the beam, or rather, the distance beWeen the points 
of support in feet, and w = the measure of its e]|pstic j^wer in pounds; 

The number 925 having been admitted as a constant quantity, the value of the Equation in 
this case is • * ' 

1 w = 925,b-d2 (A) • 


■/» 
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Of the Open Rectangular Transverse Section.. 

Beams of this Section ai^ sometimes cast open, that is, having a portion in the middle 
entirely left out, and it is a singular fact, that beams constructed in this manner are both stronger 
and stiffer than when cast solid from the same quantity of material, this at first sight seems 
paradoxical, but it is nevcrtbeless true, and P’ugineers do frequently avail themselves of this pro¬ 
perty, when strength and stiffness are required with economy and lightness. Here follows the 
investigation. 

Lctb = A B, the'breadth of the Transverse Section A B C D 
d = A (^, the whole depth ; 

D == E G, the depth of the part left out, ' * 

1 = the distance between the points of support, p? 

and w = the measure of the elastic power. ^ 

Tlicn if unity or 1 reprewnt the force oi* extension and compression for the depth d; the Section 
being considered complete as in the prcce<ling oase., we shall have 

d: 1) 


1 . 

d 


the force of extension ami compression for the dejitli 1). 

Now, by rel'crrkig to the equation marked (A) above, it appears, that the strength of a com¬ 
plete Rtjctangular Section, having the breadth b, and the depth d, is us b d"; consequently the 
strength of another complete Rectangular Section, having the breadth b and the depth D, must 
be as b D'; but the force of extension and compression for the depth d, is to the force of exten¬ 
sion and compression for the depth 1), as the resistance of the portion E F G II, is to the resist¬ 
ance of tlie same portion considere<l as a separate and independent Section, now we have already 
shewn that the forces of extension and coioj^ssion are directly as the depths ; therefore by the 
equality of ratios, we Imvo ' ‘ P 

b Ir 

d:D::bD‘:4-’ 

, d • 

the “resistance of the part loft out. 

Now, the strength of the open Section is evidently equal to the difference between the 
strength of the whole considered os complete, and that of the part left out considered as a 8<q)arate 
Section; but the strength of the whole has been shewn above to be as b d*, and that of the partdeft 

out is as - J-. therefore the strength of the open rectangular transverse Section is as bd*— — 

consequently, from qur principle of comparison, the general formula involving the several condi¬ 
tion, becomes • . ^ 

d 1 w = 925. b (d^—D»y (B), 

* *, 

Of the Complete I fmmd Transverse Section. 

The next form of the Transvem S(^ction now to be considered is, that which from its 
resemblance to the capital letter I, aasumfts the denomination of the 1 formed Transverse Section, 
and its solution as in the case of«the Rectangular Section foregaing, branelies itself into two 
varieties according as the Section happens to 'be cemplete or open. A Section qf this sort when 
complete is formed by abstracting a rectangulaa portion^from ea<li side equidistant irom the top 
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and bottom of the Section, it possesBcst advantages similar to those possessed by the open Rectan¬ 
gular Section just mentioned, and the investigation proccjeds on the same prineiples. 

Let the strength be first detenuined as if tho Section wore entire, represented in Fig. I, and 
suppose the portions A and R Fig. 1, to be abstracted from the whole, and brought together as 
in Fig. 2, then tho strength of the united portions A and B Fig. 2, being determined in the same 
manner as we determined the strength df the whole in Fig. 1, it is obvious, that the ditference 
between the strength of the whole Section and that of the abstiactcd portions must indicate the 
strength of the Section that remains in Fig. S. 

Let b = the whole breadth of the Section Fig. 1. 
d = the whole*de})lh; 

B zz the sum of the breadths A and B. Fig. 2. 

B = the depth of those parts; • 

1 = the distance between the points of support., 
and w =: the measure of the elastic power. 

Then the strength of the Section, Fig. 1, whose breadth is b, and depth d, is as b d'*, and 
thjit of the Section, FjJ?. 2, wlmso breadth is B and depth D, is as B D*; but by the principle of 
c.\tcnsion pointed out in the case of the ojKjn rectangular Section, we have 

d :D 

d 

the resistance of the abstracted portions.. 

Therefore, the strength of the complete I formed Section Fig. 3, is as bd**— consc- 

c|ueiitly, from our principle of comparison, tlie general formula involving the several conditions, 
becomes 



d;w=: 925 (bd’-BD*). (C) 

Of the Open J. formed Transverse Section. 

• 

A Section of this form is only a combination of the oi)en rectangular and the complete I 
foiTped Sections already investigated, and since each of tho.se Sections possesses some important 
advMitagcs, that which wc are now considering must partake of an intcriuediate strength; that Is, 
it niust be weaker than the one and stronger than the other. 

Let == the breadth of the open part; * 

h ~ the depth of tl^at part; • * 

1 — the distaiicp between tljp points of support, ^ 

and w the measure of the elastic power. 

Then, the notation remaining as in the last case, tiie strength of the open part, considered 
as a separate and indef>endeiit Rectangular Section and modified for the effect of extension, is as 

but the strength of the*complete I formed Section has*becn shown to bo as bd** ’ 

consequently the strength of the‘open 1 formed Section must be as b d*. thejrefiire, 
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from our principle of comparison, the general formula involving the several conditions, becomes 

^( b(l»~Biy -|3 a*). (D) 

Of the Single Flanged or T formed Transverse Section. 

Another sort of beam, (rf very frequent use in buildings is, that whicli has a single flange 
running along its upjKT or its under side throughout, the whole of its length, and from the 
cimunstance of its Transverse Section bearing a strong resemblance to our capital letter T, 
whether inverted or otherwise, it receives the denomination of the single flanged or T formed 
Section. 

A beam of this Section is not strong in proportion to tjhe quantity of material it contains, and 
since, on account of the neutral axis not existing at the middle of the depth, it becomes difficult 
to calculate, it ought to be very sparingly introduced, unless where circumstances of a very 
fix)ward nature compel its adoption. 

The general expression for this Section is 

1 w = 393 b d" {•) (K) 

Of the Proportions of the Partjt of the Transverse Sections ., 

The equations marked (B), (C), (D) and (K), in their present form, are general, and apply 
alike to aU diracnsioils of the Sections and any relation of the ])arts, but it is easy to show on 
scientific grounds, that tlie same (juantity of material may be so fashioned as to attain any pro- 
jxjsed augmentation of strength, setting asi4e the risk of imperfect casting, and pnwided the 
proposed augmentation and quantity of material bn retained within possible limits; for we know, 
that the more nearly the upper and lower parts of the Transverse Section approach to a similar 
form and equality, the greater is the lateral sy^ength, and if the parts can be so arranged and 
assimilated on each side of the neutral axi^i|<^to gi\-e a certain fiuiction of the consecutive difler- 
ences a maximum, the fonn of Section in that case be the most advantageous possible. 
Now wc have already stated in regard of the open Rectangular Section, that when a certain 
quantity of metal is mouldetl into a beam of tliat fonu, it is both stronger and stiffer than it 
would be if cast solid; that is the case generally, but it is easy to perceive that there must be a 
certain proportion between the whole depth and the depth of the open part, and a similar propor¬ 
tion between the whole depth and the breadth of the Section in order to give the most advanta* 
gvious strength, and when such proportion has once l)een discovered, the rules derived from it 
should be invariably employed, uidess the situation is such as to preclude their application. 

The general expression for the open Rectangular Transverse Section has been shown to be 
d 1 w rr 925. b (d*— D®); see equation (B) 

and experience has established tlie &ct, that the most ’advantageofis proportions are those that 
give 7.d = IO.Dandb. =: (d—D); that is, when thc^Jross Section of the upper partis a 
square and equal to that of the lower part, and when the whole depth and that of the open part 
are to one another as 10 to 7. * • 

Let the relations just stated be introdheed in the above expression, and it becomes 

* lw,= 608bd<= (F.) * ; ‘ • 

• • 

. > * XSe calculation, being long ond iatrioato, is ouulted. 
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And because the breadth b s: 4 —D), and D = ’7 d; b s: d, this value of b finally consti¬ 

tutes the following equation. 

Iw = 91d’ (Or.) 

The general expression for the complete I formed Transverse Section has been shewn to be 
d 1 wzr 925 (l)d»—-B I)*); sec equation (C). 

and by the principles of the maxima and minima of quantities, we find tliat the maximum 
strength of this Section with a given area, occurs very nearly in the state, when 5 bs8 B and 
7 d = 10 D, that is. when B =: 625 b and == D = ’7 d, . , 

Let these values of B and 1) be substituted in the above general expression, and it becomes 
. ’ lw=726 bd.*(H). 

The general expression for the open I fonnod Transverse Section, has been shewn to be 
d 1 w 925 (b d.’—B D ’—$ i*) see equation (D). * 

and the most advantageous pro|)ortions for this Section will evidently be obtained by conjoining 
those which we have shown to exist for the two preceding ones, the Section itself being nothing 
more than a combination of those two; now it is easy to show tliat these proportions will occur, 
when D =: 7 d; i = •? D. or. 49d;—|S= ‘375^ and B =: •625b aa,before. 

Let those values of B, D, |3 and d be substituted in the above general expression, and it 
becomes * 

lw=686 btl= (I.) 

The equations thus modified for general practice, when brought into one view, will 


stand as below— 

1. For the complete Rectangular Section, . Iw = 925 bd,® 

2. For the open Rectangular Section, . Iw =: 608 bd,* 

, 3. For the complete I ^rmod Section, . Iw zz 726 bd,® (L). 

4. For the open I fonned Section, . Iw = 685 bd,® 

5. Vor the single flanged, or X formed Section, . Iw z: 393 bd,* 

* 4 

Of the Sectional Areas. 


Now, in order to ascertain the relative advantages of each Section, it will be proper to com¬ 
pare their computed strengths with one another when constructed of the same quantity of 
material, it is unnecessary in merely comparing the strength of the several Sections,*to take the 
length into account, for since it is supposed to Imj invariable, the comparative results will bo the 
same by considering, the dimensions of the Sections alone. Let (a) in general ropwfeient the 
Sectional Area; then ^ , • 

The equations for the Scctfonal ^reas may be exhibited in one mew, (the calculations being 


intricate and consequetftly omitted.) 

1. For the complete Rectangular Section,.,...A. a zz * bd. 

f2. For the open Rectangular Section, .. 10 a z= 3 bd. 

3. Fpr the complete*! formed Sectfou,..^.... 16 a = 9 bd (R). 

4. For the openX formed Section,, . .. 800 a zz 303 bd. 


5. For the single flanged or X formed Section, ,.,^1000 a z: 379 bd. 

• • K 


f 
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The Comparison of the Relative Strengths. ^ 

We arc now prepared for comparing relative strengths of the different Sections with one 
another under a given Sectional Area; for which purpose, we shall assume the general area equal 
to 24 square, inches, and since it is impossible to assign theoretically, a maximum limit to the 
complete rectangular form, we sliall content ourselves by adojrting the proportions which 
practice has discovered to be most commqdious. 

Now it has been observed by several eminent practical Mechanics, that when a Cast Iron 
Beam of a rectangular form is so constituted, as to have the breadth of its Transverse Section 
nearly one eighteenth part of the depth, the beam in that state approaches its maximum in stabi¬ 
lity and strength; let us therefore adopt the ratio of 18 to 1 as a standaiji, then, 

'For the complete Rectangular Section. 

We have bd 24 and from the proportion just mentioned we obtain d: b18 : 1 that is, 
d = 18 b. 

Let this value of d be substituted in the equation bd =: 24 and it becomes 18 b* — 24 


V 

from which, by division and evolution, we get b = = 1.154 + ; consequently d — 20.8 

veiy nearly, then (from No. 1 Class L), we have 

926 bd» = !*25 X 1.154 X 20.8* = 461821. 


. For the Open Rectangular Section. 

We have 9d* 4800 (sec No. 2 Cl^s 11); that is 3d ~ 4 ^/ 3 and by evolution, and 

d =: > then (fi*om equation G), we get 

91 d* = 91 X = 1120826. • 

• 3 . 

• 

For the Co^plit^ I formed Section. 

We have 9 bd 384 (See No. 3 Class K), now the brca<lth of the Rectangular Section 
was found to be 1*154, which, from the asstimed poportions of Wia I formed Section is equal to 
I b; consequently b = 3*077. Let this value of b be substituted in the equation 9 bd = 384, 
and it becomes 27*693 d = m ; hence, we have d = 13*86, therefore (by No. 3 Class L) we get 

726 bd® = 726 x 3*077 X 13*86* = 429130. 


• For the open T formed Section. * 

We have, 303 bd = 19200 (See No. 4^ Class R) but b = 3*077 as found above, consequently? 
by substitution we have 9*323 d = 19200, from which we find d = 20*59, theji by (No. 4 Class L) 
we get ^ • ■ . 

6g6 bd® = 686 X 3*077 X 20*59® = 87480%. 

For the Single Flanged or X formed Section. ** 

We have, 3,1) bd ='24000 (Sec«No..5, Class R) but b in the Rectangular Section is 1.154; 
consequently, from the assumed proportions for the I foraed Section, b 4*616; therefore, by 
substitution, we get 1749.464 d = 24000, frofia which we dnd d« 13*72: then (by No* 5 
ClassL)weget ' ’ . * « v/ • » 

393. bjl® = 393 X 4*616 X 13*72* = 341405. 
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These numbers when brought together will stand as follows: 


For the complete Hectangolar Section,... 46182JL 

For the open Rectangular Section,.1120826 

For the complete I formed Section, ... 429130 

For the open 1 formed Section,. 874808 

For the single flanged or X fomed Sedtion,. 341405 


The above numbers have been computed on the suppsition that,the liarrow part of the 
Section in the last three cases, is the same, as the width of the Rectangular Section in the first 
case; on this suppositiop the complete I formed Section is deficient in strength as compared with 
the complete rectangular JJic, but this deficiency arises fimn the great quantity of .area required 
in the fonuation of the flanges, and the •consequent diminution of depth; the like remai'k applies 
to the single flanged or X formed Section, but we shall see wliabwill be the result when the 
several Sections arc considered as having the same depth, and that the comparison may bejf final, 
we shall take the depth of the open Rectangular Section as the standard, for since the sectional 
area is constant, the depth of tliis Section must he constant also, os long as the proportion obtains 
which we have {issigned to it. 

The results of the calculation will exliibit the following proportions: • 


For the complete Rectangular Section,. 512G87 

For the open Rectangular Section,... 1120826 

For the complete 1 fonned Section,. 715364 

For the open 1 formed Section,.,...'.. 1003808 

For the single flanged, or X formed Section, . 574578 


From tliis comparison, it appears, that when the Sections are all of one depth and one area, 
that which is simply rectangular js the weakest of all, the open Rectangular Section is the strongest, 
and next in strength is the open jt formed Section; of the other two, the complete I fomed Sec¬ 
tion has considerably the advantage, and on account of the symmetry of its form, it ‘claims a 
preference in the details of practical Science. 


« ■ ^ Of the Construction of Beams. 

* 

The foregoing remarks have been devoted to theoretical investigations, and as mucli has been 
introduc{id as is necessary for a knowledge of the constructions next to be considered; the general 
equations apply to cases where the dimensions are taken according to circuinstanccs, or phosen at 
random; and the particular ohe8*apply wten fhe proper prqportions ceai be attended to; which in 
nine cases out of ten is ^sirable. * 

Before proceeding to the actual calculation of the parts, it may be proper to remark that 
where the particular e(|uations are employed, besides the length of bearing, the load to be sup¬ 
ported and die constant number, one dimensioh (jf the*Section must be given before the other 
becomes assignable,* and when ^e general equations aip cmpltfyed all the parts excej^t one must 
be given. ^ • 




f 
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There arc only two varieties that can occur in the application of the particular equations, 
and these arq 

* 1. "When the length of bearing, the load to be supported, and the breadth of the Section are 
given, to find the depth. 

2. When the length of bearing, the load to be supported, and the .depth of the Section are 
given to find the breadth. 

The practical Rule for the first variety is as follows: * 

Ritle 1.—Multiply the given load by the given length of bearing; divide the product by the 
pven breadth, and again by the constant number peculiar, to the Section, then the. Square Root 
of the last quotient will give the depth required. § * 

The practical rule for the second variety is as follow^: 

Rule 2.—Multiply the .given load by the given length of bearing; divide the product by 
the square of the given depth, and again by the constant number peculiar to the Section, and the 
last quotient will he the breadth sought. 

The above rules are expressed for arithmetical operation, but tince the process is in general 
facilitated by. the application of logarithms, I will in what follows make ^se of those numbers 
whenever they are found to answer the purpose without assigning a reason for so doing, simply 
preginming, that every person who bus occasion for calculations of this kind understands the use 
of those very interesting and important nuiqbers. 

The following examples .are given for itlustration. 

Example 1. Required the depth of a Cast Iron Beam of a Rectangular Section, sutficient 
to sustain a load of nine tons pressing on the middle of its length, the distance between the 
supjjorts being twenty*eight feet, and the breadth of the Section one inch and a half. 

Nine Tons,. 20160 jjounds,. log 4'304401 

' Length of bearing,. 26 feet, . log 1’447158 

Breadth of Section, . 15 inch, .‘..ar:co: log 9’823909 

Constant, . 925 .ar:co: log 7*033858 

Square Roqt,. 2)2*609416 . 

Net number. 20*17 inches, . log 1*304708 

Hence, a beam 20*17 inches deep, 1|- inches broad and 28 feet long, will bear a load of 9 
tons pressing at the middle of its length, but this, be it remembered, is the utmost that it will 
bear whHc the elastic force remaius uniiQpaired; now, it is the pradice of some eminent Engi¬ 
neers, to prove their beams to twice the load that is to Be permanently^sustained, in order to 
guaj^d against accidents and other contingencies; but in doing tliis, care must be token to have 
the beams of snch dimensions, as to admit of this double proof witbm the limit pf elasticity, ibr 
if they ore not, there is'a risk of injuring'them^to'rauch as to ^vo'way with the lesser load; the 
best method of guarding a^nst accidents is as foUows: having estimated the load that is to be 
permanently sustained, double it, and from the double of the permanent load let the depth be 
■computed, and it will come oulp such as to admit a doable proof. * 
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Recanting to the Mowing example, we have 

Eighteen tons,. 40320 pounds,... log. 4'60552] 

Length of bearing, . 28 feet, . log. 1-447158 

Breath of Section,. 1*5 inches, .ar:co:log. 9-823909 

Constant,. 925.ar:co;log. 7*033858 

2 ) 2 910446 

Nat. number . 28*52 inches,. log. 1*455223 

Here then, a beam 28*52 inches deep, 1^ inches broad and 28 feet between the supports, 
will admit a proof of 18 tons, its own weight included, and it may be {fenxianently loaded with 
9 tons pressing at the middle, 18 tons uniformly distributed over its len^h, or 36 tons if its ends 
be firmly fixed in a wal^ instead of lying loosely on the support. 

I may here further remark, that if the breadth will admit of augmentation, the same 
object may be obtained by calculating the depth as in the first instance and doubling^he breadth, 
but this is not an economical method, for it doubles the quantity of metal and the effect produced 
by the weight of the beam at the same time. 

Example 2. It is required to determine the dimensions of a Cast Iron Beam of the open 
Rectangular Section capable of bearing a load of 20 tons uniformly distributed over its length; 
its length of bearing lieing 32 feet. 

This example may be resolved by eqixation (G), where it is stated that the breadth of the 
Section is three twentieths of the whole dcirth; this l^ng the case, the Rule«wUl be a little varied, 
as follows: , 

Rule 3. Multiply the given load by the given length of bearing; divide the product by 
91, and extract the cube root of the quotient, for the»depth of the Section sought. . 

20 tons,. 44800 pounds,.. log. 4*661278 . 

Length of bearing,. 32 feet., . log. 1*505150 

Constant, . 91...ar:co:log. 8*040202 

3) 4*1966 30 

Nat. number,. 25*05 inches,. log. 1*398876 

Therefore, 25*05 inches is thp whole depth of the Section, and 25*06 X *7 z: 17*535 inches 
is the depth of the open part j consequently, the breadth is 3*758 inches. 

A beam of the dimensions just found will bear permanently a load of 20 tons, and admit a 
proof of 20 tons at the centre,—^it being calculated for a load of that magnitude, and the rule in 
every case produces the Unfit of the elastic power. The beam and its Section are below. 



ExAMWiB 3. What mu^t be the depth of a Cast Iron Beam of the open 1 formed Section, to 
bear a load of. 9 tons at the middle of jts length, and admit a central proof of 18 tons; the lengtli 
of bearing being 22 feeV mid the greatest breadth of the Section 3 inches ? 

Eighteen tons,. 40320 pounds,. log. 4*606521 

Length of bearing,. 22 feet, . log. 1*342428 

Breadth of SIction,.. 3 inches, ..aricorlog. 9*522879 

Constaut,^...686.#. .ar:co log. 7*163676 

2 )2*634499 

Nut. number,, 20'76 inches,,.... log. 1*317249 
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Here then, liie whole depth of the Section is 20*76 inches, the depth of the part betM'ecii the 
flanges is 20*76 X *7 = 14*632 inches, and that of the open part is 10*1724 inches; the lesser 
breadth being 3 X *375 » 1*125 inches. 

A beam of these dimensions will bear permanently 9 , load of 9 tons applied at the middle, 
and admit a central proof of 18 tons. The beam and its Section are as below: 




ExAMiin 4, Wha^ must be the breadth of a Cast Iron Beam of .the open Z formed Section, 
to bear a load of 12 tons at the middle of its length; the whole depth of the Section being 20 
inches and the length of bearing 29 feet ? 


Depth, . 

.... 20 inches, . 

. ar: co: log. 8*698970 

2 

Twenty-fouv"tons,. 

Length of bearing,. 

Constant, . 

.... 63760 pounds, . 

.... 29 feet, . 

.... 686 . 

7*397940 

. ar; co: log. * 7*163676 


Nat. number,.5*681 inches,.log. 0*754473 

Here the whole breadth is 5*681 inches, and consequently, the breadth of the middle part is 
2*13 inches, the depth of the middle part being 14 inches, and that of the open part 9*8* inches. 
A beam of these dimensions will bear permanently at the middle of the length, a load of 12 Tons, 
and admit a central proof 24 tons. * 

A beam of the open formed Section, of which a sketch is given on the opposite 

page, for the Transepts of St. Paul’s Cathedral in Calcutta, was calculated as follows. 

The prop&rtional weight of Roof to be borne by each beam was 16856 lbs., 20,000 lbs, was 
allowed, and 3 inches assumed as the breadth of flange; the bearing was 28 feet. 

* Weight or 20,000 lbs.,. log. 4*301030 , ^ 

Bearing 28 feet,. log. 1*447158 

Breadth of flange S*'. ar: co: log. 9*522879 

Constant No. 686 . ar; co: log. 7*163676 

*. . * Square Root, 2)2”43T743 

• Nat, number 16*49 1 *217371 

The whole depth of the l)eam at the narrow end is therefore 16*49 inches and 
16*49 X *7= 11*543 depth between.flanges 11*643 X *7= 8*080 depth of open part, by 

formula 8 X *375 = 1 *125 breadth of centre part. * 

The weight oftthe beam -was 2049 lbs. • 

PI. 10 Fig. 1 is a Section of the mode adopted by*Mr. Cubitt for vaulting the ground floors 
of the very extensive buildings* now erecting at Pimlico ; the Iron girders are 11 " deep and 1 |" 
thick with a flange 6 ", from which the arches spring—^the arches are from ? to 10 feet span with 
















( 44 ) 


a rise of 10" a single brick or 0" thick, the’spandrills are jGlled in with concrete. In the lower 
floors of some new buildings lately, erected at the “ old Jewry,” in the City of London, and at 
the Lunatic Asylum at Hanwell by Mr. Sibley, a similar mode has been adopted j the girders 
however difler in form and dcsci’ve special notice. 

PI. 10 Fig. 2 shews a Section of the floor of the “ old Jewr}'” buildings, the girder is cast 
so as to afford springing abutments to the arches, which in this case are only half brick or 4.^" 
thick. The girders are deep at the ends and rise to 14" in' the centre, the thickness of metal 
above the arch I;!" arul that of the triangular base f', and at every 2' 9" or S' 0" of the length 
the sloping abutments of the girder are connected below in the casting bjt a band 4" wide as 
shewn in (Figs. 3 tmd 4). The girders rest on stone corbels in Which are notches to receive a 
tongue (a) cast on the under side at the ends of the girders. 

The spans of tlie arches at the old Jewry arc 8 feet with a rise of 12 inches, and those at the 
Ilanwell Asylum 6 feet span. 

PI. 10 Fig. 10 shews a full sized Section of a girder as applied to the above puriHJSCs, and 
attached to it is a scale for different bearings from 20 to 8 feet. 

For a 20 feet bearing and from that to 15 fe(jt the depth may be stated at 12" at the ends, 
rising to 16" at the centre, and for bearings from 8 to 12 feet, the depth of 12" may be uniform 
tlnoughout, the thickness of metal the spread of abutments varying with reference to the rise 
and span of the arch. 

(PI. 10 Fig. 5.) shews the application of Cast Iron Ribs to the formation of a pointed 
roof in the Gothic stylo, the elevation shews two ribs in position, they are united by a Cast Iron 
Ring in the centre, from which hangs a graceful pendant. Through the centre of the pendant is 
a Wrought Iron Rod 1" diameter fixed to thb centre of two diagonal bars in the ring, which 
prevent it from collapsing. A ring at the bottom of the rod may be one of a series for support¬ 
ing punkahs. The ribs are bolted to the nng thus avoiding almost all lateral pressure. They 
are inserted in the wall with a spreading base of 16" wide so that the superstructure and buttresses 
alibrd the necessary resistance to any pressure that may arise. The Church of St. Dunstans in 
London, has been roofed in a somewhat similar vr&y, the building is octagonal, and a rib springs 
from each angle. At the springings and at the top, are laid chains binding the work together. The 
roof has a considerable weight to bear in this Church. Correct dimensions of the ribs are given. 
The lower flanges of the ribs will support brick arches in cement, forming the inner ceiling, and 
the upper flanges bear the external covering. This form of rib slightly altered in position, and 
the interior parts coanecting the upper and lower flanges traced of Gothic design as shewn in 
(PI. 10. Fig. 6.) might Ixj applied to support a roof by bolting the ^nds of the ribs to a conti¬ 
nuous ridge piece and placing purlins in the depth of the upper llange shewn. 

Another mode is shewn in (Fig. 7.) wliich cxatnple is taken from part of the Collegiate 
Church at Manchester, the building to which such roof is applied should not be very lofty. 

I am aware of the difficulty and also'bf critical observations that may arise with regard to 
the introduction of Cast Iron iuto Gothic construction, viz., that tthe massive appearance of the 
very beautiful Timber and Stone erections of fi>rmv times cannot by this means be successfully 
imitated, and the correctness oi the style muslt be partly deviated from, but the elegant and 
loftily groined vault is still open to the lovers of the 8tyl<j, (and it has no Avarmer advocate than 
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the writer of this Memoir,* it is only necessity that compels to a substitution of a material that is 
bdestructible in a country and climate where Timber is subject to such various and rapid modes 
of decay. * 

A mode of roofing is shewn in (PI. 10 Fig. 8) for fire proof purposes, which consists of a 
light brick arch springing from the cast abutments, laid longitudinally on the wall, the front 
face bevelled to the fonn of the spring of the arch. 

This abutment is cast hollow, the sides being thick, and should be strengthened by a 
cross rib internally at about every 2.^ or 3 feet Wrought Iron Tics of or inch diameter— 
according to the span connect the Iron abutments at the distances of 8 feet throughout, taking the 
lateral thrust from the walls*which can bo of ordinary thickness. 

Following up this mode an excellent roof might thus be formed, particularly adapted 
to Conjee Houses, and Jail Cells, but which may also be applied to Magazine Store Booms and 
other Buildings, where the space does not exceed 16 or 18 feet. 

In the case of Jail and Conjee Houses the arch will spare the interior width of the enclosure, 
and the Tie Bods should bo disposed so as to lie on cross walls or divisions between cells, as in 
that position they will be protected from injury or mischief (Fig. 9.) The plan will be found very 
(jffectual, and at the same time tend to preserve a moderate temperature in buildings which from 
their small width and low roofs are generally too hot to confine Europeans jn with safety or a 
due regard to health. ' • 

H. GOODWYN, 

* Captain, Engineers. 

* Let it not be imagined that any wish is intended to siijiercedc the correct and most jierfectly elegant mode of Roofing a 
Building of the Gothic Style of Architecture which by the ribbed and nicely poised pointed Arch, so peculiarly its own, but 
merely to introduce the means of covering the building should circumstances prohibit the vault being adopted; I hope 1 may have 
the oppoHunity of sketching out the proof of this particular style as being applicable to the I’ttblic Buildings of India, with illus* 
tratioDs to the same effect, such is at least my intention. 
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TABLE I. 

Lengths and Weights of Sqisare Iron from ^ inch to 5 inches Sqmre from one to eighteen fe^. 


Size of Feet 
Iron. 1. 




Feet 

8 . 

4. 

Ibi. 

Ibfl. 

■634 

*833 

1*4 

1*87 

2*49 

3*33 

IjllllllQ^H 

5*2 

3*61 

7*48 

7*66 

10*2 

9*99 

13*32 

12*63 

16*84 

15*6 

20*8 

. .. 1 

18*9 

26*2 

22*5 

30* 

36-4 


30*6 

40*8 


39*99 

53*32 

45*15 

60*2 




lbs. 

lbs. 

IbB. 

2*29 

2*49 

m 

5*15 

5*62 

6*09 

9*16 

9*99 

10*83 

14*3 

15*6 

16-9 


lbs. 

lbs. 

lbs. 

lbs. 

3*12 

3*33 

3*54 

a-74 


20*8 ) 22*1 23*4 


43-3.'! 45*9 


36*6a3 39*96 4&*29 46*62 4.9*95 | 58*28 36*61 39*94 



28*05 

30*6 

36*63 

39*96 


63* I 69*3 


52*6 60* 67*3 Vj* 


67*2 62*4 67*6 72*8 78* 83*2 b8*4 j 93*6 

I 


94*5 100*8 107*1 1113*4 
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TABLE 2. 

Lengths and Weights of Round Iron from ^ imh to 5 inches dkm. from one to eighteen feet. 


Size of Feet Feet Feet 

Iron. 1, d. 8. 

Inch. IbB. IbH. ibs. 


i 


-827 


‘736 


^654 1-3 


1*02 I 2 04 



1*47 1*84 



Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

7 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

ii». 

IIm. 

lbs. 

lbs. 

Ibs. 

Ibs. 

lbs. 

Ibfl* 

I-J4 

1*3 

1*47 

1*63 

1*79 

1*96 

3-12 

2*29 


2*94 

1 

3*31 

3*68 

4*04 

4*41 

4-78 

515 

4*58 


5*89 

6*54 

7*19 

7*«6 

8*5 - 

» 9*16 





22*05 


24* I 26* 1 28* I 30- 


li*’24 16*55 19-80 23*17 | 26*48 29*79 ( 33*1 


39*72 I 43*03 46*34 


8-18 

1 12*27 

16*36 20 * 4.5 1 

24-54 1 

28*03 

32*72 36*81 | 40*9 

44*99 

4908 

S3-17 

1 57-26 

9*88 

1 14*82 

I3'7cL24-7 i 

29*64 

34*58 

39*52 44*46 ! 49*4 

.54-34 

59*28 

1 64-22 1 

69-16 


5*89 I 11-78 17*67 I 23-.561 29*45 | 35*34 | 41*23 47*12 53*01 58*9 


13*82 20*73 27*64 34.55 ! 41 46 48*37 I ^5*28 62*19 i 69*1 


8*01 16*02 24*03 32*04 40-05 48*06 56*07 64*08 72*09 80*1 





36*06 51*09 72*12 90*15 |l0818'126*21 144*24 162*’27 1180*3 


lbs. I lbs. I 11m. 


2*61 2:78 2*94 


5*89 6*25 6*62 


11*12 im 


16*82 17*34 18*36 


23*52 24*99 2fi*46 


32* 34* 


44*37 j 46*98 
59*58 


69*58 73*62 


79-04 83*98 88*92 


I 94*24 100*13 ip 6*02 


117*47 124*38 


144*18 


147*2 156*4 165*6 


177*99 188*46 


200*94 212*76 


250*92 265*68 
278*12 294*48 


212*68 229*04 


198*38 216*36 234*39 252*42 |270*45 j288*48 1306*51 324*54 


296*85 1316*64 336*43 356*22 


70*68 76*57 82*46 88*35 


76*01 

82*92 

89*83 

96^4 


96*12 104*13 112*14 120*15 


138* 































































































































































( 4B ) 

TABLE a 


Lengths and Weights of Flat Iran from \ inch to 1 inch thick from one foot to eighteen feet. 

















































































































































































































































































( w ) 

TAnhB A 

Ltf^hs Weights pf IPlat ^ron ^ vush thiek from om ^ot te eightwn fPet. 



FmI Feet Fee^ Feet 
r. 18. 4. 



Feet Feet Feet Feet Feet 
7. «. 9. 10. 11. 



Ibe. Hw. Ibe. Ibi. Ita. IlM. Ibe. Ibft Ib*. Ibi. nw. Ibf. lbs. lbs. 



Feet 

Feet 

Feet 

Feet 

14. 

14. 

16. 

17. 

18. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 






























































































































































































1 . 


( ) 

TABLE «. 

Letigths md Weights of FUa Irm | inch Utkh from me foot to e^htak 


1. 

Feet 

Feet 

3. 

Feet 

4. 

Feet 

8. 

6. 

Feet 

7. 

Feet 

8. 

Feet 

9. 

mfggjjmm 

Feet 

10. 

Feet 

11. 

Feet 

12. 

Feet 

13. 

Feet 

14. 

Feet 

13. 

FeA 

16. 

KSBBSM 

Feet 

17. 

Foei 

18. 

IbB. 

IbB. 

Ib8« 

Ibh 

Ibi. 

IbB. 

IbB. 

lb». 

lbs. 

IbB. 

lbs. 

lbs. 

ibi. 

IS 

IbH. 


lbs. 

Ibi. 

208 

4*16 

6*24 



12*48 

14*86 

16*64 

13*72 

20*8 

22*88 


27*04 

29*12 

31*2 

33*28 

38*36 

8744 

284 

4*68 

7*02 

9*36 


*14*04 

16*38 

18*72 

21*06 

23*4 


28*08 

30*^ 

» 

82-76 

^*1 

87-44 

39*78 

48-19 

2*6 

m 

7*8 

10*4 

13* 

18*6 

18*2 

20*6 

28*4 

26* 

28*6 

31*2 

33*8 

86*4 

39* 

4H 

44*2 

46*3 

2*80 

8*72 

8*88 

11*44 

14*3 

17*16 


22*88 

28*74 

28*6 

81*46 

84^ 

8M8 

40*04 

^-9 

4^-76 

48-69 

81*48 

312 


9*36 

12*48 

15*8 

18*72 

21*84 

24*96 


31-2 

34*32 

87^ 

40*86 

43*68 

46*6 

4^ 

38-04 

38-10 



10*92 

14*36 

18*2 

21*84 

28*48 

29*12 

82*76 

36*4 

40*04 

43*68 

47*39 

80*96 

84*6 

38-94 

61-88 

80*02 

416 

8*32 

12*48 

16*64 


24*96 

29*12 

33*83 

37*44 

41*6 

45*76 

49*92 

84*08 

88*24 

62*4 . 

66^86 

70-72 

74^18 

4*68 

9*36 

14*04 

18*72, 

M*4 

28*08 

32*76 

37*44 



51*48 

86*16 

60*84 

65-52 

7<K2 

74-88 

79-86 

84*24 

5*2 

10*4 

14*6 

20*8 

26* 

31*2 

36*4 

41*6 

46-8 

82* 

57*2 

62*4 

67-6 

72-8 

78- 

88^ 

68*4 

93*6 

5*72 



22*88 


34*32 

40*04 

48*76 

81*48 

57*2 

62*92 

68*64 

74*36 


88*8 

91-32 

mn 

108*80 





31*28 

37*5 

43*75 

80* 

56*23 

62*j 

68*75 

75* 

81*28 

87-3 

98-73 

100- 

10623 

112-3 

6-77 

13'84 

20*31 


33*68 

40*62 


84 r *16 


67*7 

74*47 

81*24 


94*78 

161-53 

108-32 

118*09 

121-80 

7-29 

14*88 

21*87 

29*16 

36*45 

43*74 


88*32 

68*61 










D 

15*6 

23*4 

31*2 

39* 

46*8 

84*6 

62*4 

70*2 

• 






1 



8*32 

16*64 

24*96 

33*28 

41*6 

49*92 

88*24 

66*56 

74*88 










8*88 

17*7 

26*88 

35*4 

44*28 

83*1 

6) *98 

70*8 

79*65 












28*08 

37*44 

46*8 

56*16* 

«8*82 

74*88 

84*24 












29*64 

39*82 

49*4 

59*28 

69*16 

79*04 

88*92 










10*4 

20*8 

81*2* 

41*6 

52* 

62*4 

72*8 

83*2 

93*6 










10*92 

21*84 

32*76 

43*68 

54*6 

65*52 


87*36 I 

98*28 











22*9 

34*38 

48*8 

57*23 



91*6 












23*94 



89*85 


83*79 

95*76 

107*78 










12*5 

28* 

87*fi 

80* 

62*5 

78* 

87*5 


112*8 





ft 




1 

m 



82*08 

68*1 

78*12^ 

91*14 

104«16 

117*18 














• 






























i, 










































































































































































































( «* ) 

TABLE T 


Lengths and Weights of Flat Iron | inch thick from om foot to eighteen feet. 


Width 

of 

Iron. 

Feet 

1. 

Feet 

2. 

Feet 

i. 

Feet 

4. 

Feet 

5. 

Feet 

6. 

Feet 

7. 

Feet 

8. 

Feet 

9. 

Feet 

10. 

Feet 

11. 

Feet 

12. 

Feet 

13. 

Feet 

14. 

Feet 

15. 

Feet 

16. 

Feet 

17. 

Feet 

18. 

Inch. 

lb«. 

lbs. 

Um. 

lbs. 

< 

ibM. 

lbs. 

lbs. 

Ibji. 

lbs. 

IbB. 

lbs. 

lbs. 

Iba. 

lbs. 

lbs. 

lbs. 

lbs. 

Ibn. 

1 

2-3 

5* 

7'5 

10* 

12*5 

15* 

17*5 

20* 

22*5 

25* 

27*5 

30* 

82*5 

35* 

37*5 

40* 

42*5 

45* 






14-os 

- * 

16*86 

19*67 

22*48 

25*29 

28-1 

30*91 

83*72 

34*53 

39*34 

42*15 

44*96 

47-77 

50-58 

H 



9*36 

12*48 

15*6 

18*72 

21*84 

24-90 

28-08 

31*2 

34*32 

37-44 

40*56 

43-68 

46*8 

49*9*2 

53*04 

56*16 

M 

ra 

1 6*8 

1 

10*2 

13*6 

17* 

20-4 

23*8 

27*2 

1 

30*6 

34* 

1 - 

37*4 

40*8 

44*2 

47*6 

1 51* 

54*4 

57*8 

61*2 

li 


Bi 

11*25 

15* 

38*75 

22*5 

26*25 


33*75 

87-5 

41*25 

45* 

48-75 

52*5 

56*25 


63*75 

07-5 


4*87 

8*74 

13*11 

17-48 

21*85 


30*59 

34*96 

39*33 

43*7 





65*55 




2 

5* 


15* 1 

20* 

25' 

30* 

35* 

40* 

45* 

50* 

55* 

60* 

65* 

70* 

75* 

80* 

85* 

1 90* 

a* 

5*62 

11*24 

16*86 

22*48 

28*1 

83*72 

39*34 


mm 




IQlg 



89*92 

9'i-54 

jlOM6 

a* 

6*23 

12*5 

18*75 

24* 

. 31*25 

37-5 

43 75 

50* 

56*25; 

62*5 ; 

1 68-75 

75* 

81*25 




106-25 ; 112-5 

at 

i-87 

18-74 

20-01 

27-48 

34*35 

41*22 

48*09 

54*96 

01-83 

08-7 

I 75-57 

82-44 

89*31 

96-18 

103*05 

109*92 

1110-7!)! 123-60 

1 1 

3 

■a 

15* 

22*5 

80- 

37-5 

45* 

52*5 

1 - 


07-5 

75* 






120* 

1127-5 

jl35* 

8* 

6*12 

16*24 

24-36 

32*48 

40*6 

48*72 

50-84 

04-90 

78-08 

81*2 

89*32 

97*44 

105*56 

113-68 

121*8 

129*92 

138*04 

j 146-16 

H 

3*75 

17*5 

20-28 

38- 

43*75 

52*5 

61-2.5 

70* 

78-75 







i 

[ 



Sf 





40-85 

56-22 

05-59 

74-9f» 

84*33 





j 





4 

10* 

20- 

30* 

40* 

50* 

60* 

70* 

80* 

90* 

1 









1 -r 






53*1 

03-72 

74-34 


94.58 










4i 

n-si« 

22*5 

83*75 

45* 


07-3 

78-75 

90* 

101*25 

■IHD 

• 







4i 

11-87 

23*74 

35*61 

47-48 

59*35 I 

71*22 

83*09 

94*96 

100-83 

1 i 








5 

12-5 

23* 



62*5 

75* 

87-5 

100* 

112*5 


! 



• 










78-72 

91*84 

104*96 

118*08 

1 1 







H 

13-78 


41-2S 

55* 1 

t 

68*75 1 

82-5 

96*25 

1 

no* 

123-75 

! 1 

1 








jm 




71-85 j 

86-22 


114*96 

129-33 


1 

1 1 







6 

]5* 

30* 

45* 

6©* 

75- 1 

90* 

105* 

120* 

135* 




1 

1 





61 

15*62 

81*24 

46*86 


78-1 1 

93-72 


124*96 

140*58 

■ 


• 

1 _i_ 
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TABLK a 

Lengths and Weights of Flat Iron | inch thick from me foot to eighteen feet 


Width 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

01 

Iron. 

1. 

2 . 

3. 

4. 

5. 

6, 

7. 

8. 

9. 

10. 

11 . 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

Inch. 

ib«. 

lb*. 

Ibfl. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

Uw. 

lbs. 

J 

2.91 

3-82 

8*73 

11-64 

14*55 

17-46 

20-37 

28*28 

26*19 

29*1 

32*01 

34*92 

87-88 

40*74 

43-65 

46*56 

49-47 

52*38 

14 

3-‘i8 

6*.16 

9*84 

13*12 

16*4 

19*68 

22*96 

26*24 

29-52 

32*8 

36*08 

39*36 

42*64 

45*92 

49-2 

52*48 

55-76 

59*04 

'■ li ■ 

3^64 

7-28 

10-92 

14*56 

18*2 


25*48 

2912 

32*76 

36*4 

40*04 

43*66 

47*38 

50*96 

54*6 

58*24 

61*88 

65-52 

li 

. 

'4-01 

8*02 

12*03 

16-04 

20*05 

24*06 

28*07 

32*08 

36*09 

401 

44*11 

48*12 

52*18 

56*14 

60*15 

64*16 

68-17 

72-18 

>4 

4-37 

8*74 

13*11 

17-48 

il-85 

26*22 

30*59 

34*96 

39*83 

487 

48*07 

52*44 

, 56*81 

61*18 

65*55 

69-92 

74*29 

78*66 

14 

5*1 

10*2 

15-3 

20*4 

25*5 

30*6 

35*7 

40*8 

131 

51* 

56*1 

61*2 

66*3 

71*4 

76-5 

8H 

$6*7 

91*8 

2 







40*81 

46*64 

52*47 

58*3 

64*13 

69*96 

75*79 

81*62 

87*4SS 

93*28 

99*11 

.. 

104*94 

H 

G-36 

13-12 

19-68 

*26*24 

32*8 


45*92 

52*48 

59*04 

65*6 

72-16 

7 S -72 

85*28 

91-84 

98-4 

104*96 

111*52 

118*08 

H 

7-29 

14*58 

21-87 

29-16 

36-45 

43*74 

51*03 

58*32 

65*61 

72*9 


87-48 

94*77 

102*06 

109-35 

116*64 

123*93 1131*22 

1 

2i 

802 

16*04 

24*06 

32*0^ 

40*1 

48*12 

56*14 

64*16 

72-18 

80*2 

88*22 

96*24 



128-32 

136-34 

144*86 

3 , 8-75 

17-3 

26 25 

35-• 

43*75 

52*5 

61*25 

70* 

78-75 

87-5 


105. 

113-75 

122*5 

131*25 

140* 

148*75. 

157*5 

8* 

9-47 

18*94 

28-41 

37*88 

47*35 

56-82 

66*29 

75*76 

85*23 

94*7 

104*17 

113-64 

m-n ^1^-58 

142*05 

151*52 

160-99 

170*46 

3] 

j0*2 

20*4 

30*6 

40*8 

51* 

61*2 

71*4 

81*6 

91-8 










3J 










• 









4 

11-GO 

23*32 

34*98 

46-64 

58*3 

69-96 

81*62 

93*28 

104*94 










4* 

12-39 

24-78 

37*17 

49-36 

61*95 

74*34 

86*73 

99*12 

111*51 










"'44 

13-12 

26-24 

39*36 

52*48 

65-6 

78-72 

91*84 

104*96 

118*0^ 

1 

1 









4i‘ 

13*85 

27*7 

41*55 

55-4 

69*25 

83-1 

96*95 

110*8 

. 

124*65 











14*58 

29-16 

43*74 

58-32 

72-9 

. 

87*48 

102*06 

116*04 

131*22 











15*31 

30’62 

45*93 j 61 •■24 

76-55 

91-8^ 

107*17 

122*48 

137*79 








1 

H 

16*04 

32-08 

48*12 

64*16 

80*2 

. 

96-24 

112**28 

128 32 

144-36 


1 





1 


16*77 

33*54 

50*31 

67*08 

83 85 

100-6-i 

117*39 

134*16 

150*93 








1 

(I 

17-j 

35* 


70* 


mm 

m 


157*5 








1 

_Su. 

64^ 

18*22 

36*44 

54*66 

72*88 

91-1 

109-32 

127*54 

145*76 

163*96 











I 
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TABLE 9. 

Lengths and Weights of Flat Iron 1 inch thick fnm 1 foot to 18 feet. 


Width 

of 

Iron. 

F«et 

1 . 

Feet 

2 . 

Feet 

3. 

1 

Feet 

4. 

Feet 

5. 

Feet 

6 . 

Feet 

7 

Feet 

8 . 

Feet 

9. 

Feet 

10 . 

Feet 

11 . 

Feet 

12 . 

Feet 

13. 

Feet 

14. 

I Fed 

1 

Feet 

16. 

Feet 

17. 

Feet 

18. 

Inch. 

1 h 8 . 

lbs. 

lbs. 

IbB. 

Ibo. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

I* 

B 

IQ 


16* 





33*75 

37*5 

41*25 

45* 

48*75 

52*5 

56*25 

60* 

63-75 

67-5 

li 

416 


IS 

16*64 


24-96 

29*12 


m 


45*76 

49-6-2 

54*08 

58*24 

62*4 

66*56 

70*72 

74*88 

ii 

4*53 

9*16 

18*74 

18*32 

22-9 

27*48 

32*06 

36*64 

41*22 

45*8 

50*38 

54*96 

59*54 

64-12 

68*7 

73*28 

77-86 

82*44 

li 

5* 

10 * 

15* 

20 * 

25* 

30* 

35* 

40* 

45* 

50* 

55* 

60 * 

j 65* 

70* 


m 

m 

90* 

li 

5‘83 

11*66 

17*49 

23*32 

29*15 

, 34*98 

40*81 

46*64 

52*47 

58*3 

64*13 

69*96 ’75*79 

81*62 

87*45 

93*28 

99*11 

104*94 

2 



19*96 

26*64 

33*3 

39*96 


53*28 

59-94 

66*6 

73*26 

79-92 ; 86-58 

93-24 

99*9 

106*56 

113*22 

119*88 

21 

r-j 

15* 

22*5 

30* 

37*5 

45* 


60* 

67*5 

75* 

82*5 

90- 97-5 

105* 

112*5 

120 * 

127*5 

135- 

■1 




33*32 

41*65 

49-^8 

58-31 

66-64 

74*97 

83-3 

91*63 


108*29 

116*62 

124-95 

133*28 

141-61 [149-94 

21 

9’16 

18*32 

27*48 

36*64 

45*8 

54*96 

64-12 

73-28 

82*44 

91-6 

100-76 1109-92 

1 

119*08 

I28-‘>4 

137-4 j 146-56 

IM-72 

164*88 

3 

10 - 

20 * 

30* 

40* 

50* 

60* 

70* 

80* 

90* 

100 - juo- |l 20 - 

130* 

140- 

S _ 

150- jl60- 

170* 

180- 

81 

tO-63 

21*66 

32*49 

43*32 

54*15 

64*98 

75*81 

86-64 

97-47 

108*3 

119*13 1129*96 

140*79 

L«*62 

16-2-45 

173*28 

184*11 

194*94 

8 i 

11'66 

23*32 

34-98 

46-6^ 

58*3 

69-96 

81*62 

93*28 

104-94 {llC -6 

i 

128-26,139-92 151-58 

163*24 

174-9 

186 56 

198*22 

209*88 





60* 

62*5 

75* 

87*5 

100 * 

112*5 j 


1 




1 

1 

4 

13-33 

26*66 

39*09 

53*32 

i 

66*65 

79-98 

93-31 

106*64 

119*97 

1 





1 

! 

41 

14*16 

28*32 


Q 

84*96 

9912 

113-28 |l27-44 




1 



i ' 

4* 

13* 

SO* 

45- 1 60- 

75* 

90* 

105* 

120 * 

135* 



1 

1 

; 1 

I 1 

4? 

16*83 

81*66 

47-49 < 63 .12 j 

79-15 

94*98 

110-81 

126*64 

lt2-47 

i 





1 1 
i ’ 1 

3 

16*66 

33*32 

49-98 j 66-64 j 88-3 

99*96 

116 62 

133*28 

149*94 




! 

! 

1 ! 


«i 

17-49 

34*98 

52-47 J 69-96 j 

87*45 

104*94 

122*43 

139-9U 

157-41 




i 

1 

! 


I 

1 


54 

in 

36*64 

54*96 

73*28 

91*6 

109*92 

128*?4 

146*56 

164*88 



• t ' 

1 

1 

i 




«i 

19*16 

38*32 

... _I. 

57*48 

76*64 

95-8 

114*96 j 134*12 

153*28 

! 

172*44 




j 






c 

■ 

■ 

60* 

80* 

100 * 

120 - 

m 

160* 

180* 



] 







«i 

20*83 

41*66 

62-49 

83'e32 

04*15 

124*98 

145*81 

166*64 

187*47 








-ft 


64 

21-66 

43*32 

64*98 

86*64^108*3 

29*96 

151*62 

173-28 

194*94 











TABLE 10. 


Weight of a mperfdal foot of Sheet Iron as per Birm^ngfiam Wire Gauge. 


Nos. of Gauge,.... 

1 . 

2 . 1 

3* 

4. 

• 

• 

•5. 

6 . i 

7. 




■BB 

lbs. 



lbs. 

Weight,.. 


HQH 


9*55 

■H 


7*5 


■bhi 

9. 


Jl. 

12 . 

13. 

14. 

Wciglit,. 

6-64 

6-29 

. 

5*5 

% 

imi 

bh 

8*64 

3*23 


Nos. of Gauge, .. 

•l5. 

16. • 


mm 

19. 

20 . 

• 

lbs. j 

lbs. 

fbs* 

lbs. 

lbs. 

lbs. 

Wei|^ ....1. 

2-97 1 

>651^ 

2*19 

1*97 

1-7 

1*41 

Nos. of Gauge, . 

21 . j 

22 . 

23. 

24. 

25. 

> 26. 

... 


1*15 

•99 

•95 

•84 

*76 
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TABLE 11. 

Lvu^ths and Weights of St^mre Iron* 


Size of Iron. 

Feet 

1. 

Feet 

2. 

Feet 

3. 

Feet 

4. 

1 

Feet 

5. 

Feet 

6, 

Feet 

7. 

Feet 

8. 

Feet 

9. 

Feet 

10. 

Inch. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

Ib8. 

lbs. 

i 

•208 

‘416 

•624 

•833 

1*04 

1-24 

1-45 

1-66 

1-87 

2.08 

i 

•468 

•937 

1-4 

1-87 

2-34 

2-61 

3-28 

3*75 

4-21 

4.68 

i 

•833 

1*66 

2-49 

3-33 

4-16 ' 

4-99 

5-83 

6-66 

7-49 

8*33 

i 

1*3 

2-6 

3-9 

5-2 

6-5 

7*8 

9-1 

10-4 

11-7 

18* 

1 

1-87 

3-74 • 

• 

5-61 

7-48 

9-33 

11-22 

13-09 - 

14-96 

16*83 . 

18-7 

i 

2*56 

5-1 

7-66 

10-2 

12-75 

16-8 

l>-86 

20-4 

22*95 

25*5 

1 

8-33 

6-66 

9-99 

13-32 

16-65 

19-98 

23-31 

26-64 

39*97 

33-3 

1* 

4-21 

8*42 

12-63 

16-84 

21*05 

25-26 

29-47 

33-68 

37-89 

42-1 

H 

5‘2 

10-4 

15-6 

20-8 

26- 

81-2 

36-4 

41-6 

46*8 

52* 

n 

1 6*3 

12-6 

18-9 

25-2 

31-5 

87-8 

44-1 

50-4 

56-7 

63* 


1 7-5 

15- 

• 

29-6 

30- 

37-5 

45- 

50-5 

60- 

67-6 

75, 

H 

1 8-8 

17-6 

26-4 

35-2 

44- 

62-8 

61-6 

^70-4 

79-2 

88- 

ij 

1 10-2 

20-4 

30-6 

40-8 

51- 

61-2 

71-4 

81-6 

91*8 

• 102- 

•i 

j U71 

23-42 

36-13 

46-84 

58-55 

70-26 

81-97 

93*68 

105*39 1 

117-1 

2 

j 1.3-33 

26-66 

39-99 

53-.32 

66-65 

79-98 

93-31 

106-64 

119-97 

133-3 

2i 

15-05 

30-1 

45-15 

60-2 

75*25 

90*3 

105-35 

120*4 

1 135-45 

1 .... 

150-5 

n 

16-87 

33-74 

50-61 

67-48 

84-35 

• 

101-22 

118-09 

134-96 

151-83 

168-7 


j 18*8 

37-6 

56-4 

75-2 

94- 

112-8 

131*6 

150-4 

169-2 1 

188- 

2^ 

•20-8 

41'6 

62-4 

83-2 

104- 

124-8 

1 145-6 

166-4 

187-2 "" 

208- 

n 

22-96 

4J'»2 

68-38 

91-84 

114-8 

137-76 

160-72 

183-68 

206-64 

292-6 

2f 

25*2 

50-4 

75-6 

100-8 

126- 

151-2 

176-4 

1 201-6 

226-8 

252- 

n 

27*55 

55‘1 

«-2-65 

110-2 

137-75 

165-8 

19-2-85 

220-4 

247-a5 

275-5 

a 

30- 

60- 

00- 

120' 

150* 

180* 

210- 

240- 

270- 

800- 

3* * 

32-55 

65-1 

97-65 

130-2 

162-75 

195-3 

227-85 

260-4 

292-95 

32S-6 

3i 

35*2 

70-4 

105-6 

140-8 

176- 

211-2 

246-4 

381-6 

316-8 


3i 

1 37-98 

75‘92 

113-88 

151-84 

189-8 

227-76 

263-72 

503-68 

341-64 


34 

1 40-8 

81-6 

122-4 

• 

16^-2 

204- 

244-8 

285-6 

326-4 

8672 


3f 

43-8 

87*6 

• • 

131-4 

^175-2 

219- 

262-8 

306-6 

350-4 

394*2 


Si 

46-87 

-!-■- 

93^4 

140-61 

187-48 

234-35 

281-22 

328-09 

374-96 

421.83 


3} 

50-05 

100-1 

150*15 

200-2 

* 

250-25 

300« 

830-36 

400-4 

450-45 


4 

53-33 

loNe 

159-99 

213-32 

266-65 » 

319-98 

373-81 

426-64 

479*97 



56-71 

1 113-42 

170-13 

A.._ .. 

226-84 

s£3-66 

. 

340-26 

396-97 

463-68 

510*39 


4* 

60-2 

120*4 

180-8 

240-8 # 

301-* 

361« 

421-4 

481-6 

541-8 


4f 

63*8 

127-6 

191-4 

255*2 

319- 

362-8 

1446-6 

510-4 

574*2 


44 

67*5 

135* 

209-3 

2W- 

837*6 

. . A . 

405- 

472-3- 

540- ^ 

607-6* 


4f 

71‘3 

142-6 

213*9 

886-2 

262-6 

427*3 

499-1 

670'4 

W*T 


4} 

75-2 

150*4 

225-6 ' 

200-8 . 

87^* , 

45J-2 

626-4 

66H 

67»*8 



72-21 

158-42 

237-68 

216-24 

396^ 

,476-28 

664*:^ 

6i6'66 



5 

-A .. 

83*33 

166^ 

Mm . 

mtfi ; 



'5I8W; 

1* A Vi 
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SAJtUE IS. 

Lengths and fVeigfiis of Bound Iron. 


Sixe of Iron. 

Feet 

1 . 

Feet 

2 . 

Feet 

3. 

Feet 

4. 

■ 

Feet 

6 . 

m 

Feet 

8 . 

Feet 

9. 

Feel 

10 . 

Inch. 1 

IbB. 

\h». 

Ibfl. 

Iba. 

IK 


HB 

lbs. 

lbs. 

IK 

i 

»103 

*327 

*49 

•654 

•818 

*981 

M4 

■EH 

BH 

1*63 

i 

•86S 

mm 


mm 

mm 


2*57 

2*94 

3*31 

3*68 

*' 

•6^4 

1*3 

1*96 

2*61 

3*27 1 

3*92 

4*58 

6-23 1 

6*89 

6*54 

t 

1*02 

* 2*04 

mm 


5*1 

6*12 

7*14 

8-16 j 

9*18 

10*2 

J 

1-47 

3-64 

4*41 

5*88 

7-S« 

8*82 

tsm 

mam 

13*23 

14*7 

i 

'2 

4* • 

6 * 

8 * 

10 * 

12 * 

14* 

16- 1 

18* 

20 * 

1 

2*61 

6*22 

7*88 

10*44 

13*05 

15*66 

18-27 

20*88 

23-49 1 

26*1 

U 

3*31 

6-62 

9*93 

13*24 

16-66 

19-86 

23*17 

26*48 

29*79 

33*1 

li 

4*09 

8*18 , 

12*27 



24*54 

28*63 

32*72 

36*81 

40*9 

H 

4*94 

KSI 


19*76 

24*7 

29*64 

«34*58 

39*52 

44*46 

49*4 


5*89 

11-78 1 

17*67 

23*56 

29*45 

85*34 

41-23 • 

47*12 

5301 

58*9 

Ik 

6*91 

13*82 1 

1 20*73 

27*64 

«S4’55 

41*46 

48*37 

55*28 

62*19 

69.1 

ji 

8*01 

16*0*2 j 

: 24*03 

32*04 



1 66-07 

64*08 

7209 

80*1 

n 

9*2 

18*4 1 


36*8 

46* 

1 55*2 

64*4 

73-6 

8 *2*8 

92* 

2 

10*47 

2004 1 

81-41 1 

41*88 

5*2*85 

62*82 

73*29 

1 88*76 

94*23 

104-7 

2 * 

11*82 

38-64 j 

1 SS-46 1 

47*28 

59*1 

70-92 

8-2-74 



U8*2 

n 

13*25 

26-S 

39*76 

53* 

• 


79*5 

92*75 

IOC- 

1)9*25 

132*5 

n 

14-7G 

29*52 

1 44**28 

59*04 

78*8 

1 88*56 

103*32 i 

1 118*08 

132*84 

147-6 

n 

16-36 

32*72 

1 49-08 ‘ 


81*8 

98*16 

1 114*52 

130*88 

147-24 

163*6 

■H 

1H‘03 

36*06 

j 54*00 

72'l^ 1 

90*15 

1 l08-]8. 

j 12(i*21 

1 141*24 

162*27 

180*3 

2 J 

10*79 

1 39*58 

59*37 

79*16 

98-95 

1 118*74 

1 138*53 

158*32 1 

178 11 

1 

197*9 

2 } 

21*63 

1 43*26 

1 64-89 


108*15 

129*78 

151*41 

173*04 

194-67 

216*3 

3 

23*56 

1 47*12 

70*68 

94*24 

1 117-8 

t 

141*36 

1 164*92 

1 188-48 

212*04 

235*6 

8 * 

25 66 

j 41-13 

1 76-68 

102*24 

127*8 

153*36 

j 178-92 

204*48 

230*04 • 

255*6 

H 

27*65 

j 55-:3 

1 82*05 

110*6 

1 188*25 

165*9 

193*55 

221*2 

248*85 


St 

29*82 

• 

59*64 

1 89-46 

119*28 

{ 149<1 

178*92 

208-74 

238*56 

268-88 

1 

3* 

32*07 

64*14 

j 96*21 

128*28 

160-36, 

192*42 

% 

224*49 

1 

256*56 

288*63 


St 

1 34-4 

68*8 

1 108-3 

j 187-6 

172 * 

206-4* 

240*8 

278-2 

309*6 


Si 

se^i 

73^2 

< 110*43 

147*24 

i 184-06 

220-86 

267-Sr 

294*48 

331*29 


St 

«»-sr 

78-63 

t ii7*aB 

167-24 

196*55 

236-86 

275*17 

814*48 

363-79 


4 

41*88 

86*76 

125*64 

<67*62 

209*4 

251*28 

998-1^ 

335*04 

376*92 


4i 

44*64 

89*08 

18it-62 

178-16 • 

222*7 

26/-S4 • 

811*78 

, 866<99 

1 400-86 



47-38 

94*66, 

141*84 

^ mn 

#36*4 

283*68 

330*96 

878*24 

425*52 




10(»9 

( 150*33 

200'44 • 

250*55 

300*66 

860-77 

400*88 

450*99 


*i • 

g![lg.}g| 

106-02 

mmm 

iwSiii 

265*05 e 

318*06 

871*07 

424*08 

477-09 



56* 

112 * 

16t:* 

, 2S 4 *' • 

280* 

S86* 

392* 

448* 

504* 



69*06 

118*12 

177*18 

236*24 

295'3 

964-86 

413*42 

479-48 

531*54 


.; ■ ** .. 

63-31 

124*42 


248^ 

8U*05 

878-96 

4S6-«r 

497*68 

559*89 




180-9 

196-^' 


, m-u 

iiM 

t488:U 

' 

698-6 

589*05 

r r. 
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TA8XS fa. 

Weight of me foot of Haminer^ ftat Iron f inch thick. 





1 inch tiikk. 
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TABLE 14 

PVeight of a Superfcml foot of Cast Iron from ^ to 2 inches thick. 


Thidbi«M« 1 

i- 

i- 

1 

i 

*■ 

i- 

i- 

1. 

H- 


lbs. j 

lbs. 

lbs. 

lbs. 

1 

lbs. 

lbs* 

lbs. 

lbs. 

Weiglity. 



18*7i5 




37-6 

42*18 


Tbldcnem. 




If. 


H- 


li 


n- 


TABLE 15 . 


2 . 


Weight, . 


IbB. 


lbs. 

lbs. 

lbs. 

lbs. 

46-87 ^ 

^1-26 

£6-!» 

6093 

1 

HBI 


- 



Weight of Cast Iron Pipes, 12 inches long, from ^ to IJ inch thick. 


Blam. oFB&tef 

Inob 

1- 

n 

— 

inch 

f- 

meb 

f- 

inch 

i- 

inch 

1. 

« 

inch 

li- 

inch 

H- 

Inch, 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

ll^yill 

lbs. 

lbs. 

1 

3-06 

506 

7-36 

9-97 

12*89 

16-U 

19*63 



li 

3-68 

5*96 

8*s59 

■mpM 

14-73 

18*25 

22*09 



u 

4-39 

6-9 

9*82 

]3'04 

16*56 

20*4 

24*54 

28*99 

33-74 

1} 

4*91 

7*83 

11-05 

U-57 

18*41 

22-55 

27* 

31*75 

36-76 

2 

3*63 

8*73 

12-27 

16*11 ^ 

20*25 

24-7 

MSli— 

34*46 

39*89 

81 

6*14 

9*66 

13*5 

17*64 

22*09 

26*84 

81*85 

87*28 

42*95 

81 

6-74 

10*58 

14*72 

■Di 



.34*36 

40*03 

46*02 

8} 


11*5 

15*95 

207 

25*71 

ai*f4 

36*81 

42*8 

49*08 

3 

7*98 

12*43 

17*18 

22*19 1 

1 

27-62 

33*29 

39*28 

45*56 

52*16 

Si 

8-69 

13'34 

18*35 

23*78 

29*45 

35*44 

4172 ! 

1 

® 48-32 

55-22 

CO 

MH 

9*2 

14*21 



31*3 

87*58 

1 

44*18 

51*08 

1 

58*29 


9^6 

15-19 

20*86 

26-85 



46*63 

53-84 

* 61-86 

4 

10-44 

16*11 

22*1 

28*38 

i 34*98 

41*88 

49*08 

56-61 

64-43 

41 

IM 

lJ-08 

20*37 

29*97 

86*87 

44*08 

1 51*6 

59*42 

67-55 

41 

11*66 

17*94 


31*44 

88-65, 

mmm 

53*99 

62*12 

70-56 

41 

12-27 

18-87 

25-77 

32-98 


48*32 

isi 

64-89 

78-68 

s 

12*88 

19*78 

26*99 

34*51 

42*33 

50*46 



76*69 

*1 

HQH 



36-05 

mSm 

52*62 

61-36 

70*41 

79-77 

Si 

14-11 


29*45 

3^58 

46-02 

54*76 

£s31 

73-17 

82*84 

6| 

14*73 

22*55 

30*68 • 

,89-12 * 

47*86 

56-91* 

• 

6d;27<^ 

75*94 

85*91 

6 

15*34 

23-47 

31*91 

40-65* 

♦49*7 

59*06 

• 

68-78 

78-7 

88*75 

61 

16*95 

1111^91 

91-13 

42-18 * 

51-54 

61*21 

71-18 

81*23 

92-04 

«1 

KH 

, 25*31 

34-36 

43*52 

68-39 • 

63*86 

W -41 ' 

84*22 

95*1 


17-18 

26-23 

35-59 

HBI 

55<88 

66-28 

76-09 

86*97 

98*18 
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TABLi: 16 . 

Weight of Cast Iron Pipesy 12 inches long, from ^ to inch thick. 


. ■■ ggg-J ii !-11 -.UJ.,.-.u.a.^, ,.uaA,ia-L!'i!,ro = 


Diameter of 

inch 





h)cb 

iui^ 

ineh 

itioh 

Bore. 

i- 

■i 

■I 

i- 

i- 

i- 

1. 

1*- 

1 

Ji- 

Ifidi. 

lbs. 

lbs. 

lbs. 

Ibfii. 

lbs. 

lbs. 

lbs. . 

lbs. 

lbs. 

7 

17’79 

27-16 

36-82 

46-79 

66-64 

67-66 

78-58 

89*74 

101*24 

n 

18‘41 

28-08 

38-05 

4S‘l 

58-91 • 

69-79 

81* 

92*5 

104*31 

n 

19*03 

29- 

89-05 

49-86 

00*71 

71-96 

IHQH 

95*26 

107-88 

n 

19*64 

20-69 

HQIfl 

51*38 

02-59 

74-09 


98*0*2 

110*45 

S 

, 20*02 

80-83 • 

41-71 

52*92 

04*4*2 

76-28 . 

88*35 

100-78 

113*51 


20-86 

31-74 

42*95 

54-45 

60-20 

73-38 

90-81 , 1 

103-64 

116-68 

H 

21-09 

82*9 

44-4 

56-21 

68-33 

80-76 

93-49 

106-53 

119*87 

8i 

22-09 

88-59 

45*4 


09-95 

62-66 

95*72 

109*06 

122-72 

9 

22-71 

34-52 

46*64 


71*8 

84-84 

1 .- 

98*18 

111-84 

125*3 

n 

23-31 

35-43 

47-86 

60*59 

78-68 

86*97 

100*63 

114^59 

126-85 

9i 

23-93 

86-38 

49*09 

62-13 

75*47 

89*13 

103*09 

117-35 

131-96 

8} 


37-28 

50-32 

63*66 

77-32 

91-28 

■ggM. 

120-12 

134-99 

« 

10 

25-16 

36-2 

51*54 . 

65-2 

79-16 

93-42 

108* 

122-87 

238-00 

lOi 

26-77 

.3911 

52*77 

66*73 

80-99 

95*57 

110-44 

125-63 

Hl-12 

lOi 


40-04 

54- 

68-26 

82-84 

97-71 

112*9 

128-89 

144-19 

10} 

27- 



69-8 

84-67 

99-86 

115-35 

13M5 

147-26 

11 

27-62 

41-88 

56-46 

71-33 


102*01 

117-81 

133-92 

150*33 

Hi 

28-22 

42*8 

67-67 

72*86 

88*35 

104*15 

120-26 

136-67 

153-4 

IIJ 

28-84 


■Bm 

74-89 



122-71 

139-44 

156-44 

llj 

29*45 

44-64 

60-13 

75-93 

92-04 

108-45 

125-18 

142-18 

169-64 

12 

30-06 

45-55 

61-35 

77-46 

93-6 

110*6 

127-6 

144-96 

162*6 
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TABLE IT, 

Weight of Cast Iron Plates frm me to nine Stq^fck^ inches in area, and from ^ of an iwsh to 

one inch in thichnees. 


6u|A. feet 

jf thick. 

thick. 

I thick. 

k thick. 



} th'cL 

1 thick. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

1 

032532 

•mm 

•097666 

•130208 

•16276 

•165312 

-227864 

•260416 

2 

*065104 

•130208 

•165312 

•260416 

•32552 

•390624 

•455728 

•520832 

3 

007656 

•195312 

•292968 

•390624 

^ -48828 



•781248 

4 

•130208 

*•260416 

•390624 

•520832 

•65104 

•781248 

•911456 

1-041664 

5 

1 

•16276 

•32562 

•48828 


■H 

-97656 

1 

1-13932 

1-30208 

6 

■mais 

•390024 

•585936 

•781248 

•97656 

■DuSSfl 

1-367184 

1-562496 

7 

'087864 

•455726 

•683592 

•911456 

1-13932 

1-867184 

1*595048 

1-822912 

8 

•260416 

•520832 

•781248 

1-041664 

1-30208 

1-562496 

1‘8229]2 

2-083328 

9 

•S02S68 

•585636 

878904 

1-171:872 

1-46484 

1-767808 

2-060776 

2*343744 


This Table shews the weight of any number of superficial inches of Cast Iron between one and nine, 
and firam one eighth of an inch to one inch in thickness. 

The weigl^t for tens, hundreds, thousands, &c. may be very readily obtained, by bringuig forward as 
many of the ufectmals to the whole numbers as the number of superficial inches is removed from the units 
place; and should the thickness of the metal be greater th«Q one inch, its weight may be found, 1^ adding 
togetW any two of the columns, which are eqdlil to the given thicknessor by multiplying the column 
containing half the thickness by 2. 

EXAMPLE IsT. 

'What is the wdght of 1728 superficial inches bf Cast Iron, one inch in thi(^e9&. 

Super, inches. lbs. 

1000 . =; . 260'416 

700 . S . 182*2912 

20 . = .5*20832 

8 . = . 2*08382 


Answer....... 449*99884 

, EXAMPLE 2in). 

Required the weight of a Cast Iron Girder, 30 feet in length, 22 inches in depth, and 1^ inch in thickness. 
(Taken from the | inch column.) 


30 Feet. 

Snper. inches. 

lbs. 

12 

7000 ^ . 

1367-184 

— 

t 


360 inches 

900 = 

* iJ5*7808 

22 depth ^ 

20 = 

3*90624 

720 

• *“ 

1546*87104 

720 

• * . 

2 

' t 

7920 area in inches 

• . Answer,.,.... 

3093*74208 


* ’ . H. GOODWYN, 

0 . Ut MuUmmt, Bmgol (kfkm 
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